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Erinronrnentaj Studles

- Do ThlS mtroductory modiile is mcluded with each of the subject area modules Its purpose is to :
Agjve background mfarfnatmn for all teachers, It also mcludes a blbhagraphy and a llst of free films
and: c>ther resource’ materlals ava,llable to teachers

-l . - . ae '-r . s il

Also’ mc;luded with each module IS a ccpy of The Pennsylvama Energy aner a pubhcatmn
- of the Gavemar s Energy- Ccrum;ﬂ It t;ontams energy mfon‘natmn ES[DECLEHY pertmsnt to our state.

;" S It is hoped that thrcrugh the use s of these matenals both teac:hers and students can come to a
“better understandmg of ths: energy situation, and- can: thus be more informed . and vocal CltlZEnS

- @
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: pc:sntmn or ;:_Qndltmn exan | d spr a3’ pe . t
" "to do work if released.”A mc;k'lymg ‘at"the. tap of 1 hill’ also’ has patentlal energy—it an;&@ wark'lf

\ allowed to roll down the hﬂl A pﬂe Df cc)al has pctentlal energy%smce wr::rk caﬁ ‘be d,
ccal is burned : : - .

C)n the other hand the energy that an iject has bscause cf its matmn is c:alled kmetlc
energy If a stretched spring is released it has klnetlc energy. A rock rollmg dDthﬂl ‘also has -

Potential energy represents wnrk that has already been dcme For example suppose someone .
lifts a weight off the ground. As a result of this wo rk, the weight possesses a certain amount of
potential energy. If the weight is allowed to fall, its potentlal energy. is changed into kinetic energy.
At the 1nstant 1t stnkes the ground all xts patent' 1| energy lS gcme Whem lt rests on the gr@und the

1
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Chemlcal feactions that release heat are o ) partlcular mpnﬁance as usable energy SOurces.
The burning Df fuels such as wood "c:al gas, and ml provides for release of storegl chemical energy.
initial " néc a ese’chemical reactions.” For example; wood."
begms to ‘bumn- cmly after it has been hEatsd to its I-:mdhng temperature. The burﬂmg of coal; gas,
- and oil provides heat which can be used to- boil water, creating steam whlch ‘can then turn turbines
‘to.generate elec:triclty We -again can see haw one forrn of energy can be changed into many other
“forms. ‘ v .

Electﬁcal Ene}gl

R = = g g e e S— e

Hav%(you ever run a i:omb thrOUgh your halr and had your ha;lr crackle and stand u%" C)r have '
you walked across a carpet, then. touchéd a door handle, and felt a shock? These are examples of
the actlon of electric. charges. :

' here are two kinds of eleetﬁc charg p051t1va and negatlve WE will see how these alactnc’ ,
c:harges can become a usable' form of energy. But. first we must discuss some basxc concepts.. All

. : L



, 'aﬁr ( arg{ d The c:ha,rge whlt:h is created smiply ﬂaws thmugh. the rneta] and thrcmgh the
“of the-person’ ‘holding it. Tlus is becaﬁ&metals are good electncal conductors. In a conductor,
sc:rné of the - tmns can rncwe ‘about freely, and thus mave the electric charge thmugh the -
nductar If the metal rod is held by a piece of rubber, thevsr the rod can be charged. This is ;
ecause rubber i is.an. insulator or. non-condyctor. In an insulator, ele:trcms are tightly held, and thus,
_are ‘not free fo move through the system Sa the electrm charge cannnt move through the rubber

) msulatar ancl mtc the hand T e - e

- With tl‘us background, we can.now’ "think of e]ectﬂclty as the movement Df electrcnsg
: B . . 1.

The examp]es of electnclty that WE hava mentmned so far are all examples of static
electricity. Static electricity mvclves electric chafges on msulatcrs suc.h as a glass rod and wool
clath ora ccmb in dry hair, :

But Qf rnuch more prac:tlcal interest fm_rn an energy standpmnt s an electnc CulTEﬂf==a .
c:oritmuﬂus flow of electrons through a. canductar There are.several ways of pmduc‘ing an electn:r
'—-'c:urrsnt -One-:way is by-using. the relationship between-electricity -and magnetlsm ~Electric charges in

mﬁtmn are_ always at:ccmpamed hy magnetic effects For example, a bar oftjron placed in a coil
thrgugh which a curreat is’ ﬂuwmg becomes magnet;zed In this way, it is possible to make
Eleu:tramagnets which ré extremely useful in ccnvertmg electncal energy into mechamcal energy,a -
rrfajar ccmpfment caf Electnc motors. — . : :

1 : . /

Canversely, it was discavered that whien an Electrical conductor i ;s maved thrbﬂgh a mag’letm

= fleld=that i, an area” where magﬂetic fotces are” ptesent;an electrict curtent is prgduced m° the wire™
_If a conducter wire is fDrmed into a loop, and_the laop is moved through the magnetic ﬁeld which”
 exists’ between- the north and south poles of a magnet, an electric cutreht will -be prcduéed in the

loop. Note that the coriductor or the magnet must be moving-there must be movement; of one in
relation to the cthersﬁ:ar ‘the current to be produced. The type of motion determines the direction

"““ifi “Which the current flows. If,"for examplé, the conductor leop is spun ‘between the poles’ ‘of the




te;:ted by'the human sye in
e length and: hlgth energr ;

e ergy for the earth Sunllght 15‘t|hat pm‘tlon of-the—-.*: -
L sun s tt:ta] Iaﬂlatlon that ;s VlSlblE ta the hurnan eye. Other electramagnétm waves radiated- frorn the: oo

Nucfea: Energy o

Nuc:lear energy is the energy refeased or. absorbed clurmg alteratmns w1thm thE. nucleus crf an”

. atom. We have already said that ‘the buﬂdmg bloc:k for all. ‘matter is the atom, and that an atom can °
be ‘considered to-be a dense core of particles called protons and nehtrons f‘ormmg a posxtlvely

charged nucleus surrounded by a SW‘ELl‘fﬂ of negatxvalg éha:ged electrons

Any one of the more than 1800 specles Df ati)rns cha"t ’nzed by t.hs number of neutrcgs
“and “protons in the Aucleus and by energy levels is called' a nuclide. ‘For example ‘an. atom -of

- chlorine -with-18 neutrons.in-its-nucleus.is Gne nuclide, while-an: atorn of chlorine with-20- neutrcms P

in its nucleus is aﬁDtth nuchde ~ : . o : -

T

4 Lo
_ All nucixdes can be placed' into one.of two categories: radioactive or stable Radioactive
nuchdes (radmnuchdes) undergo spentaneous nuclear changes whlc:h transforrﬁ them mto other

;nucllde is changed EVEntually mto a stable nuchda

» .
There ‘are some 265 stable nuclldes and 66 radlonuchdes found Yn nature. All the rest of the
nuclides are man-made rsdmnuchdes Thus mgst knc}wn nuchdes are radu:ac:twe ’ :

%
a

In chang:mg to. a stable state, the nucleis af a radu‘:actlve atom ermts radiation. Radiation
may bg in the form of particles, or in the form of electromagnetic rays: ca‘lled-sphotons Some..
radionuclides: decay by the emission of alpha particles, whieh are high energy helium nuclei. Others
decay by the-emission of beta particles, which: canbe either negatlvsly charged electrons (negatmns)
or positively charged electrons (pasﬂrons) De&;ay by the emission of these particles is us%lég
followed by the emission of photons of two types: gamma rays, which are groduced in the nucl

-, of the decaying atom, and x-rays, which are produced as a result of the rearrangem@nt of orbital
electrons. Except for thar C\ﬂgm and the fact that x-rays are usually lu:wr.:r in energy and therefore

’"less penetratmg, X- rays and gamma rays are the same o

bt ¢ - ) \
Loss of this radiation changes the atomic structure of the radioactive nyclide, a process which ~

continues until a stable (nonradioactive) nuclide is reached. Uranium, for instance, is radioactive; it ‘
__ decays slowly into elements like radium, radon, and polpnium, and finally stops at lead. The tllTlE

"y required for ene-half of the radloactwe atoms of a nuclide to decay to its daughter nucllde is known

[
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- missing” mass ‘s eonvertecl mto energy, 'es giesenbed ,
"‘_"the vveloe;ty;_of hght sque:ed (E __mez) :

.VhlS is eelled the entl

m aee

thezonly. nuehée found in,
ifanium-235%in uranium is.
gt r,eeghty underge fission, . :

ot 3 K Uramum is the’ beme-‘nueleer fuel beeeuse it
L net:ure that - readily undergoes fission. The natural ¢
. s_ev’erktnths of .one pereent ‘the. balanee is, uramum 28

he -process ef nuelear fusmn also releases a tremen nour e-f' ener'gy,'b:ut we. have.not
e _yet come to the. point where. > we'can make praetleal use of fusion; two light nuclei are forced .

tegether to form a heavier. nucleus. The fusion reaction will use fofns of hydrogen called deutenum '

“i T and tnt;um to ‘make “a“single hehum nueleus end a neutron; re]eesmg a lerge amount ‘of- energy

Eerly sﬁexperyments Sh’DWEd thet heat had to be some form of ﬂ‘lDthﬂ But obvmtfsly an objeet

can be hot without e;y motion being visible. Thus the motion must be occurring in parts of the,

: ebjeet which are too7small to be seen. These small parts are called molecules. The speed of .a-

‘molecule ‘can be. quite lerge but the molecules of solid objects move through a very short distance..
_The -higher" the speed of the meleeules in an objeet the greater the amguht of heat energy it >
eenteme ’ V. .

The eombustion of gasoline in an autOmebﬂe engine produees heat .energys or high speed.
motion of the molecules in_the cylinders. The motlen of these molecules against the plstons make
‘the. engme run. Thus werkpgebtemed from the hft energy ‘of moleeuler metlon
R i Note thet heat end temperature ere naot the same thmg Temperature measures the everege
>-> kinetic energy of moleeules in an object. When an object is heated, tlfis average speed is increased, -
and the tempereture increades. The amount of heat in an abject, however, depends on the number
s Gf T molecules Tpresent as wellvas” s-their-kiietic “energy ~Thusa cup™ ef" boﬂmg ‘water-has~the~same—~
temperature as a qiart of boilifig water, but the quart of boiling water has four times as mueh heat
energy, since it has four tlmES as many molecules. - s : A

AREAD Heet .¢an be theught of as the simplest form of energy, since it is the form of energy into -
Whlch all other -forms can be -most readily converted. It is also the. form thet is most difficult to .
convert into any other form. = oot ,

=
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[ : ergy Js th feet that when energy_
some ef the energy 15 wasted It is net' destreyedalt Just.cha '

ted- ergy; butagreet d' 1
1sforma om C)n the ether hand ethe, férms of: energy can'be, co. erted mte

- leern te reduc:e ex}ergy "‘Weste to acceptable levele Ieeepmg
ehmmetxen of energy waete is 1mpesslble G

MEASUREMENTSGFENERGY R

we de need seme beele deﬁmt;ens to serve.as teels in- telkmg aleout energy, e s - e

A baSIC umt of energy measurement is the Bntlsh‘Thermal Umt or BTU One BTU is the _

'~“We need net eoneem ourselves With rnany SDphiSItICEtEﬂ terms in: energy measurement but

B

amount of ‘tieat engrgy that must be supphed to one peund of water to relee lts tempereture one o

degree Fahrenhelt : . S

*

Erlergy frorn all fuels can be converted to BTU's. Appremmate tonversion rates ere as
fellewe . L, 5 .

A T SSrmlhen BTU's
i _103] BTU's

= X

S — .3413 BTU's

'“i‘jﬁé‘itéﬁ of coal ————r — i—:ﬁ— ——-25 million BTUs{.

:C)ne Enpertant unit of power ‘is the: vatt. One watt is equal to ' 100948 BTU per seeond C!ne
kﬂewett is 1000 watts, W,hﬂe one megawatt is 1,000,000 wetts C ,

'The wor-d pewer refersy to the emeunt of energy used or preduéed in a given arnm,mi:I of time.

The kilowatt- heur is the fSIﬂlllaI meesurement of eleetnelty A kxlowatt -hour (KWH) 15 1000 )

~watts of power “used for one hour T . : .

v : Al eleetne epplianees and light bulbs are rated in watts. For exarnple a IDG watt llght buib
" will light for 10 hours with one KWH of" electricity. A:l apphanee \\uth a retmg of 1000 wetts w111
- run for one heur Qn one KWH ef eleetneity :

ER.

: In bielegjeel proeeeses the umt of energy is the ealeﬁe Dne eeloee is the heat feqmred to

K]
.




7 Eiﬂ“th Becguse ofi' )
“onm thE ITIO(jn RTINS 4

5 rrned ifito hsat' ’
1 dioxide found in
the atrnosphere are good abscnrbers Qf heat They then trsp rnuch of thls heat energy and prevent it .
+from_immediately escaping: bagk intg:space, Thls; keeps: the average . tempﬂfature of the earth hlgher' C
) thansxt would bE w1thc>ut. the. atmosphere :

P

e

. of smentlsts is pm{:laimmg that*‘ because of® al’l the srnc:ke w are’ generatmg by bu;mmg fuels we are ]
¢ going to block off enough incoming sunhght to lower the ea _‘,h s temperature several degrees, which
. 7 would- be dlsastrous ‘Another group of scientists argue «that because of the large amount of carban
dioxide ‘we are generatmg, also. thrc)ug.h ‘burning fuels; we will trap more heat, in. ‘the, atmosphere
whlch wauld raise the temparature of the earth several degrees gnd also prove dlsastrous Might the
praductn:m Df ENnergy prove in some way to be the dowrnfall of Lhe human race?

b v .
Dnly g:&en plarits_can. chre:tly, use.. the mcammg sc:lar radlatmn All Gther argamsms must —
then depend on the green plants for their life suppcxr“t: ’

R ey

Green plants use salar eq’érgy in ‘the process of photosynthesis, where the sun's energy is
" transformed into chemical energy and stored as food. As the sun-beams down.on a green plant, the
_..plant is takmg mole:ules of water, minerals from the soil,.and carbon dmmde from the atmosphere, . {
and is usmg the sun's energy to combme thase molecules into various new arrangements to form

3




' ::,'5 most ene;gy t:a::sfonnat;ons energy ‘is being 1o -each-step of canversmn "As hegnergy 15 gassed :

; most c:f 1‘;_{85, o 90 pérc;nt‘) is lost l’:hrough p;:atlon"énd hea_

ks Ey the uneven heatmg arld cDolmg C)f dlfferenf paﬁs oﬂthe earth by the sun, As the temperatures Qf i’ 3

- two- dlfferent Tegions of the-earth-are unequal, the air pressures over these regions are also’ dlfferent

and 'winds, are praﬁuced; The: energy in these winds ‘may -then be used for-various purpdses,

"“and powenng sc:rne ’

' mcludmg steanng weather systems dﬁvmg oegean currents-, shlftmg desert sands,

The sun's. energy also dnves what is known as “the water gyc:‘le 1t all begms thh ‘the sun ~

" causing évaparatlon of water from the land and océans. The water vapor later coﬁenses and falls

o o E’NE’GY ITSPAST

s k,

=Y

tDDlS Early hun}ers used tools- to kill animals, and thus obtained energy from eatmg thE’blson and
marnmoth to SUpplement the energy thsy received from eatmg plants

* . The most vi;al Stone Age discovery was how to make fire. .

During the later Neolithic period, humans used stone topls for agricultureé, and were able to

- back’ tc: the land'in the forrn of ram or snow Grav;ty causes the water to run: from the land bac:k tc!' R ‘

“From their earliest: Grgms human beings have sought to ease thelr labor through the use of

produce renewable crops. The first stable. communities began to develop, and various forms of. - ‘
---housing.were. built. ~These. primitive- dwellings.were-4ll.designed.to-meet .the- climatic- needs E:tlthe--,f —_—
area in which they were located. Thus conimunities could flourish, since the population did I‘lDt

_have to ‘migrate with the §easans tc: escape unfavorable weather candltlons

A L]

Fur’ther technolcgieal pmgress brc;ught the ability to mine metals and use ﬁfégﬁd forge them-

into tools and weaporis: First came the Copper and Bronze Ages and then the Jron Age whu:h may ,

hava hegun in Africa’or the Dnent some 2400 years ago.
i A e s . o

z .
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' Beforg the time of théfﬁreek!aﬁd Roman civilization the only significant energy sources were

. natural ones. The power of falling water was used by basic industry, agriculture, and.mills. The

power of the wind was used, for ships, and fire from the burning of wood was another energy
source. One major source of. ehergy in both- Greece and Rome was the energy of human
bodies-particularly slaves. From the Greek and Roman era to the beginning of the Industrial
Revolution, sophisticated tools were developed, but they were still powered by humans or animals.

‘Between the fall ‘'of the®Roman Empire and the last few years of the 17th century, many

no way known to transport their energy to where it was necded. By the end of the 17th century,
this engine appeared. In 1698, Englishman Thomas Savery obtained a patent for a machine which
used fire to boil water, generating steam in a boiler for use in draining water from mines. His steam
engine pump was soon improved upon and these engines made possible the deep mining of coal,
which had previously been hampered because of the buildup ot underground water in the mines.

Enghishinan Junies Watl patuntod o vaatly tupa,ved gl I /82 it Ly this tnie the
steam engine had beconi the wietumues ot mechanized ol iltzatioa. they « zis scd tur pumylng
water and supplylng power to teattle wmllls, rolling mitls and flow mlls A Liter tacagthiough
came with the development of eugines that could use high piessuie stewn making the engines much
more cfficient. With Robedt Fultun', successful operation of the steamboat Clesmont on the
Hudsun River 1 180/, and Kichard lLievithick's use ol a steanr lecomotive tostranspore coal In
Wales, the modern cra of inéchanized transportation began .

. )
Little was o tually undeistoond abioar the theosy ot o TR S O UT RYY PAVRT'Y DI Y P PO

S thwmodynandes When these saizntilic pudaciples caae L be understood bLig oo ana belter

engines could be bulli

Up untl the ... Gao Lall ol b & o, " Ve s e o . .
prhnaslly muscle power of Lounans aud o, Leal, along « th Lud, wood, ana tuhlliy ~ae, P.;JL;Ly
péf(;ﬁnlguf the fuel buined 1w 1850 was wood Coal accoaanted tor wnly 16 peive 1 desplic Lthe
preseiice ot pleaty of coal wad the oo dogy Loouse 10 But then e aten dve o utling of toress in
the tast talsed the pudee of wood and lheieased the ditance th 010 Lad 1o b2 hanep ated Lo Loe
growing vitles So he Jdoniaad *'u. voul sky 1ot ute | until v 1840 ol apasscd wund as the
dominai.: tuel In 1383 coal was ued L. tudl 1he lﬂlll\lﬂdsi 1o ke Ok wun thie sled | ndu liy Lo

power indscella e s 1ndustites aad Lo peovids teadenial fuer Coal was to cemoin the domli wat
fuel until well into the 20th centay

Drosiing, the 1800 L o wan 0 L s : . . . PR P ' .
cucvated tropraluce nght were cogenae o plaae i o s aasabodaccory Gl s Ll
Jév l()p(:d a wioal gas pipclluc netv b for LG buc hie o a Loz | populsion and uutjﬁ\’@!hpétl
woal indultiy in the Unitea Staves .naae zoache o 1o bwoth genc  dly nupracieal  Finally, an
Euglishinan Jdevisc d a wacthod o proancing dl fie v o v bt hie calle o coal wil 01 erosine. By
the late 1850's there were nany heiosine plants 1. the Eatean U 3 Ihica sonae ped ple began to
nolice a aesciblance Lelween the kerostine and e taig Iy weizs: roch o1l that came out of
springs aad Wells 1w zstern Peins Ivanta L 1857 4 Yale chomtstiy jaofes,on l;d_wfi; 1hiak. hizd
by a group ol Peanylvama tuslneasinen ol 1 the Fe naylianta Rod O Canng any  gove his ieport
on seme ol this oil He concluded that some ery valuable provucts’ inipht be manafacts d fium

it Drilling rather than digging, (umed oul to by (he best way of getling (¢ the il and o in

Lo ‘ a
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" September 1859, at éiitusv!ille, Pennsylvania, oil was struck at a.d%m\c)f 69 feet. This was not the

first oil 'well in history—the potential value of oil'had been recognized centuries'before, But it was
only in the Western industrial world of that time that science, technology, and society came
together-at a point necessary for oil to be exploited as the concentrated fuel that would eventually

replace coal.. :

The crude oil was made mostly into kerosine. Some of the other products yere lubricants,
which solved another major problem of increasing mechanization, and fuel oil, whose use grew as it
began-to replace coal for firing boiles for §teamn generation.

The use of steam for railroads and ships was amgrcal step (w1 Gdlispoilabion Lot al was Lo
bulky and inefficient for use in any smaller scale venicles What was needed was a sinalict ciglie In
1870, inventors began testing an engine using gasoline in a compressed -air-gas nuxture Up until this
time, gasoline had been a generally useless by-product gt‘\ kerosine welining In 1887 a
gasoline-fueled cngine was adapted to vehicles and the titat Befiz automubile was patented This
engine was the forerunner of all internal combusticn euglnes I vpcration today by 1900 1many
automobiles had been built i the United States most ot (h!‘:;m steann ditven o elecudently powered
But the increasing avatlability of Loth tucl and Lobiteaals for gasoline poweied automobile s specded
theis dJdevelopment Thﬁy wese light mancuscrable Taol wnd conipelitive intcosl Ln 1400 the
Oldsuobile switched from steam to gasoline, and tiree | ¢ar. later Henry, Foid o cducea his
gasoline-powered automobile | His mass-production tochnigaes te olutlalzed 1adush -

.

A aatleston o Giiigy Liatos, o L 1o s Y T U T VUM S VPR . -

tdison humself, howei er, saw 1is own greatest a Il veirer € not o vhe Lignt oself but . oz o otd”
fitst clectrtcal power genviating and distributllon sy stem 1a 1802 ho cupersed the Uattding of this
systum to light 1200 lamps 0 a one half squan nitle avza m Mo v Yok City 20 o'y genaaliig

station .onststed of four botl 1s winldh produced sicanm (o poowat sla gene Jloes

L T O T T O B O P S O [ T l.xx 1
coally pul Loc stéany engline of loe disp osad 61 ov ay borwe Loashiizan 10 0.0 .0 TR

and auch ot th . Woataan vaald

3
| RW M L, allaa l,'.‘ll, N AU U | . ) . ' o
Cing vae alion s s oy decale Lo Lo b b b Vi L
[ [ T ' Ly e Wi L o il t
4 [ P Mk B A P Y] Al)' 'J(L Ly P T v f

Lo vt naviig o viea sha e [ andealion Gfﬂl’\i hoo. » oo 0o o0

S Y T S Lol Con Wlury als.. . . . i

dlta on 4 awa. o ot s b baded U oL par L Lo [T ! L
g DtiGns wer tewes sy beotey log the gl Hoaal DAy oo a0y 0 o e a0 G ) bl
woas daptdl cvol bag \

i A . ' 1 Lo
o ;“1[;.{.[ T L S Y O D E T | L T T T L P | Iy
wrvoond e B dllon o 1z Ll 1 Pt el el I e o ocoan dabg e by 1Yy
;1\4 e constat plion was wocte han o g1 coat \,«/L,ASJL oo bLoad Loon Su) o e Lod aad
slec e power capeddly  vded Lo e o ept o0 the o B Y N I L Y TR S
metors soured  Electricie thus miade piacitead the mass prodoactt . of ap adaoes L1 bLowaie

themae es cleciteally poavcied
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Total energy use in the United States grew much more slowly after World War I, and the shift

toward oil continued. Qil overtook coal as the dominant fuel just after World War II, and has

continued to claim an increasing share of th¥ market. This shift to oil was brought about by the
growing use of the automobile, and the swifch from coal to fuel oil for residential heating and
powering trains, Gasoline's share of the petrgleum market increased very quickly. Two other uses
of fuel also increased sharply during the~yM@rs, from the 30's to the 50's: aviation and farm

equipment. The major petroleum product beingyproduced was thus changing from kerosine to fuel

oil to gasoline to accommodate the changing patterns in consumption, There was also a large
increase in the use of asphalt, another petroleum product | to pave roads
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At the beginning of the 20tH century, scientists were investigafing the rays given off by
radium. In 1905, Albert Einstein demonstrated mathematically the relationship between mass and
energy, although it was decades before this theory could be-proved. On December 2, 1942, a group
of scientists headed by Dr. Enrico Fermi gathered under a squash court at the University of
Chicago, where the first controlled nuclear reaction gecurred. Scientists have since been working to
safely harness that tremendous nuclear energy for the generation of electricity The nation's first
prototype nuclear power plant was built at Shi??ingport, Pennsylvania, in 1957, s

In the yeara since World Wai 1l encigy constuinlag technology has appeaicd wvery where
Pratiang this peilod . a huge flect of passenger airplanes has developed, there Las %gu ais aulomobile
"population explosion "' A donditioning, ceutral heating, television, (lothes washers and diycrs ate
generally thought of as necessities, not luxuries A mechaniged agricultural industry uses

times the nuniber of horsepowet in 1971 then they did in 1940 while the numibey of people in the
coulftry bicreased by only 54 porcent Even with the slowing p«)pu!aliljnhgmwth more and n,0re
energy s belng uscd . -
Chia caetists g, Lo o s o . T L ATY P TP .

Gt 80 4l a basie taw analo ool B plasiics postic Jes an o syntacae segeate chenneals ooy o
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capedt 1L Lo go v foacvar Bulln MK Habbet ot tl o U S Geologh al Suivey estunates thal ima
pertod o1 oaly 1300 year tivn boglontng Lo chd humaens will have cousumed the wotla's ¢l
available supply of fossil fu:ls This is illustrated in Figure 2 Thus the world today s on the brink
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The following sections deal with each of the five primary energy sources of Figure 3, as well
as one secondary source, electricity. ' 3_
COAL
Basic Information y ¢

Coal is by far our most abundant domestic tosstl fucl sesource. With Identiiicd escives
sufficlent to meet the nation's needs for an estimated 200 yoars o1 more '

Lhe Laste tugiedicnts wl woal aie valbon hydrOgen, vaygen aitivgen ood o dd..,

Lhe atdating polnt tus coal s the futmation ol peal Peal s vasvullally an aooan i,
dead plants - carly stages of decomposition Peat 1s usually forned 1 arcas such as swaimps eyl
bogs where water covers dead vegetation that has accumulated on the ground. The water blocks the
activa of bacterla from the an | greatly slowing the mh‘i ol decay This causes wost of the carbon in
the Ipl-;ht matter (v be u:[amﬁd and it 1s this carbun that produces heat when butaed Aites layurs
of these plants have been b\ulad fur peiiods of about 10000 yeus Lhey Levome poat Voal s
brownish bldck and looks like decayed wood Whea dricd pcat cun bburnea Dbub it has a 10 tativaory
low errergy content and is very smoky Peat is used-as a tucl in ldiy areas of the wornd
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Slightly more than half of U.S. known coal reserves are west of the Mississippi River. Be

cause

of high transportation costs, it is not yet economically feasible to use this western coal in the
"eastern-states, evén though.its lower sulfur content makes it more environmentally acceptable than

eastern coal.

US&S of Coal

In 1976 about 090 milllica tuns ol coal Wele et b thie Usited Btales Labide 1 aliuwa how

this oal was used by the variousscctorn
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Transportation of Coal -

i

. : = ! 3 - “‘ M . N = = =
Transportation of coal from the mine te the place it is to be used is a major undeﬁgiqrrg,

since such large quantities are involved. Transpdrtation costs can account for as much as half of the

cost of the coal to the user. About 65 percent of the coal is transported by rail, 11 percent by
barge, and 12 percent by truck. Another 11 percent is burged in "mine mouth'' plants, which are
generating plants built right at thesoal mine. A small amount of coal 1s converted toa Slurry M a
mixture of coal and water, and transported in a phpeline

Transpoitation of coal could Le a major problem 1« oal proda. e e v sagatl o aastl

Llic wail system patticalaily could prove inadequate for thic l;u;li‘-‘g.égd)luu\l

Environmental lmpacts trom Coal
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degrees Ceilsius Somé possible c@ﬁsequemes of such a ﬁse are waﬁningof the upper layr:;s of

very téntatlvazthls sltuatn‘_m is so LC!ITI[D]EX and the future trends in enérgy use are unczrtam The
head of the National Research Council study believes that for the next 30 years or so 1t is sale to
use coal, and hopefully well before that time more will be understood.gbout the eftects of carbon
dioxide on climate. \ _
i
A ajor pollutant nhom the burning of coal 1s sulfur dioatde whinh w w o odosless gas
produced when fuels containing sulfur are burned Sultur dioaide affects the cesphiatory system
which includes the liniig of the nuse throat and lungs Bacess alnounts of salfur dioanle 1o the
atmosphere cause damage to plants, trees, and some structures, Low-sulfur coal, privaarily from the
west, can be used to meet Environmental Protection Agengy standards for sulfur emisstons Bu this
often necessilates large costs tur transportation The principal oplivns available now for ceducing
sulfur emisstons Liom high salfur coal ate cleantug the voal beluie it s bunaed ol tlue gas

serubbers to control the emissions after the woal is burued
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A growing concern related to sulfur dioxide and oxides of nitrogen is acid precipitation, The’

cid—mostly sulfuric acid as well as some nitric acid-is washed out of the air in complex-chemical
processes during the formatioh of clouds and precipitation. Sulfuric acid, the majorwoffender, is
formed in the air by the oxidation of sulfu: digxbﬁ:\ About halt of the air's sulfur dioxide comes
from natural sources. The other half comes fror )

sulfur coal

;the burning of fossil fuels, particularly high

Thus tossil tuel pollutants are signilicantly thoivasing (he gt o aoid b cain ained show

patticularly m the castern portious of the United States Acid $recipitation van A fish and other

wildlife, stunt crops and forests dayl datiage muetal wood and stone stiv, tuins b hae not been

-

= .
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Table 2 i .
Estimates of Annual HealthEffects ; .

s

Procedure . Occupational Occupational Nonoccupational
Deaths Injuries and Deaths
Disease
Muing
A tdent UL drusul
Disease 0.004 8- 0.0-48.0
< [ransportation .
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generate electricity’ with steam. We have previously stated that when eneggy is changed from one

form to another, as it §sin the generation of elegctricity, some of the energy is wasted. In fact, nearly

70 percent of the energy produced in an electrical generating plant goés into the environment as
waste heat. As the heat energy of the steam in a.power plant is converted to mechanical energy . the
temperature and pressure of the steam decrease. This steam, called "spent’ steam  is converted back

into liquid water in a condenser. The heat removedfrom this spent steam 1s the waste heat that ts

released to the cnvironmént. Condensation of the apent steatn is accomplished by passtug laige

atnovunts ol cooll
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relugned Lo
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are suspended in a stream of air dll’EEtEd upward through a very hot bed of ash and limestone,. As
the ¢oal burns, cajcmm in the liméstone reacts with the sulfur dioxide released from the coal Thl‘a
pmdu;es caluum sultat(: i :.ulld 3ub§lanu: \Vhth Is removed ulun,5 wn[h Lm voual ash lhm the

lelt:i“;. Eut th:y are '_:atl” very cxpsn:nrﬁ, and 50 are not ys[ in Wldc:spll“{id s

Coal can Le Luriad ko a vlean buinlog gaw Lucl Lovhintgues tor coal oo oo b el
Koown and used for many yeais but the gus thyy poodoce is stgoiticantls 'muu capoiantvg than
nalutal gas In coal gastfication the coul 1s healod aloag with water to fulm g gas which 1wl dae
of carbon .nonoxide and hydragen This gas can be burned, but 1t has a low heat value US
Industiy 15 currently using such “low Bkll " gastic allon tu a ll;mh Jooateat Loou further relhinny
slep the curbon monoxide teacts with steam to produce carbon diosade hydio, oo and hydiogen
sulltae Lhus the sultue buputtics can ve retioved ftom (i gas buither ccaction vl b, shrogen s
tieeessary untll methane gas 1s fonmed sesulling n @ gas Jhat cab Ly vsed s a adbsloale o i al
gas Oue cilun,s problen: with oat gd;l,l:l\;-allpl’l I the need for lag o wirouits G water Wales 10au.dd
to proyide the hydiogen i the gasifloation proe sy and fe dluo vacd fos oo e Abcat b it
of water will be needed 101 cacfl pound of coal pro caae d Uit stunateny mon b o tie coa w haeh
would be wsed tor gasihication s located 1 and regions of (he couatey ana woul [anoo ot su cly be
stilave mined  The water necessary for vedlaimaton L ad it G thy e Jdod o e paalll alion

pravewaas will iy st ool sone dtftcalt gooions Lot o agchonlbie 0 1 bastoad teel oods o
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Basic In j'z,u?rﬁa[mn

Wl (ur pétl’ﬂlﬁuul) Is vuf nalivn's nmgjur cucgy aodree, providing !lhdlly h.;ll ol uul cnclgy

But | the United Statés is able to produce only about half of its oil needs’ rom Lﬁmestm
resources -the other half must be jmportéd. This has led tu scrivus supply problems and ceonomic
dllflgulut:a We will deal here with some aspects of ull use and oil supplics Lut the 1cader must hét:p
in mind that th:: oil Slttldtk_m 1s 50 complex and subject Lo change tht 1t ks neady hnpuagmlﬁ o 'get
a handle on it ' especially in a few pages

s
aead L y\lihg_,ml Il woas ol l‘}\ldul the

l“';llul&f\llll CuUNslsta Laal ,;l!} of cu. et ol vl

yedls ago “lLﬁi wlpaiile !ll;&ié;lgl W as thcu Ln,n,u;d vander luyu,a uiosill ;qlul gml mul whee it i\‘\!da
;l};wl;, transterned inte the hydl@gﬁu and carbbon \,uugku,uu\l; thial nialc up sl aaad naiaial gas, This

and perthaps Lid\,llél‘!dl and

transfunnation wae brought about Ly goadaal foiay  Leat prosac

radivactive acli.ns
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:mstallatlon Df varm‘ T

) ’tubmgs 3, " valves ‘and”pumps. At the surfac S refr A
©and’ ‘the oil and gas-are separated Tha ml is: usually stored in - tanks and the gas is .piped to a.
. ’iprocessmg plant and therl ta the cansumer pipelmes ‘In-a pmductwe area many wells w111 be_ _

..--’s’

if‘c‘:u*maticm it - pushes oil tcward the rernammg wells Water ﬂaodmg st111 Ieaves cﬂe-faurth to
o Qne—thu’d of the oil behmd, and rnaﬂy methuds are, bemg develcped to try to remc:ve even. rnc::e af

- ':'Tf,a'ns’partatiénvﬁf.ailj R

A The rnajc:r traﬂspar‘tatmn methcds fcr oil are plpelmes fc:r land rncwement and bafge or -
tanksr for water s]’nprnent Pipelines are normally placed- undergrcund One notable example of a
E;g;lme is 7_!:he Trans=Alaska pxpelme hle:hvbnngs oil SOD mllesﬁfmm.,the A:ctu: .coast. c:f' Alaska,.,ﬂ v

o
I _




_ The transportatmn ser;tar is obvmusly the oné rnost dependent on cul Wxth few exceptxans, _;
' our ent:fe transpor‘tatmn system of' cars, tmcks plaﬂes trams . and ships are fueled by oil- pruduc:ts '

val Irn, cts fmm the Use ofChI

_ W Gnishore ‘oil” preductmn rarely creates any szgmficant env:m%mental problems folshure ;
" operations present ‘,!TlDi‘E problems; with’ ths’pcsslbmfy of oil foulmg heaches and affectmg ammal“ -

- life'in coastal regions. F'ires at cul wells could cause sxgmﬁca:ﬂt air pollutmn LR

'

SN | & the area_of, transpoﬂ:atmn one of the largest pmblems 15 that of oﬂ spﬂls and dxscharges N ‘
from tankets. Millions of gallcms of oil have been released when these tankers have run aground or
: 7 broken. up, ‘and this oil is ‘washed up on shore or sinks to the ba_tto:n, ruining beaches andl
: ) \:1

I >




Alaska and the Duter Centmentﬁl Shelt and
ut wﬂl stﬂl not- be- able to- sahsfj‘" the U S- thirst- f'm- oils Must

) ’Expcjrtmg C’Duntnes (OPEC) The 1973-74 Gll embargc by fhls Qrgamzatmn alcmg W1th then‘
foursfcld mcrease in pnt;es wrthm ths space c:f a, year demanstrated our d:pgndence on, energy

A$23 40 The US is expected to pay over 50 bﬂlmn doﬂars ﬂ:r Jmpnrted m] in 1979, Such a
“tremendc d;am nf dcﬂlars can have gavs cansequences f‘ér the natlcm s ecarmmy The cut-cf'f of

mcushmn the amage fmm sﬁg;gly n;ljterfuptmns’and to dxscaﬁfage theu‘ use as polltlt:a!, téols A lnng
: DPEC supply mtermptmn Wcmld ultlmately be very damagmg e -

I TN

Eederal pBllElES tn lessen .our. dependence on 1rnparted ml are dxscussed in a later sectu:m. o

g,-;.»;;NATURALGAS S

N

e S

i Natural gag is very nearly an n':leal fuel pmduct Itis clean=bummg and t;cmvement to use and
- transpcrt It is alsr;: an, 1mportant raw material in many GhEIﬂlEﬂl processes. Unfm‘tunately, natural




P

_ A hyq:lme]ectnc _power pIant uses fallmg water to spm turbmes for’ generatmg E]EthlCJty
Water may be cauected and stme -at 4a. hlgh elevation and led thmugh tunnels and plpelmEs tc: a-

= SE‘-VETBI pm]ects: "underway to nnpravg some af the sma]l lcw-head hyd ectr:u: plants in
 the US These mclude projects spanscred by the Dapaﬂment clf Energy. to~ demanstrate that
hydmgen ¢an be pmduced ECDDQ]TIICS]]Y at small dam sites. Electricity generated at the dams would

" . 'be used to break water dDWIl into its cﬂmponents of. hydrcigen and axygen The hydrogen and
e axygen cﬂuld be sold on the commercial market - : .

‘“Fallmgﬂf‘nr flowing- water prowded the» earliest- rnaturalvrneans of«generatmg electnclty e r-ﬁ‘
Eventually, however, most of the favorable sites for large-scale hydroelectnc plants were exhausted
and pawer pmduc:tmn f‘rc:m fossil fuels began to take over. . »
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y ' : i, dioxide; is E;m]:am
_,w;thm fucl mds m, the reactc:r care whlch is the hearb c:f the reactar A. yplcal reactcr core

The uramum fue! must' undergt: saveral preh mary pracesses befofe 1t 15\{,1 ’dvrm a reactar{“;

L “Then it is ccmverted to uranium hexaﬂu@nde a gaseous. form ESSE:Elal in fhe next
L step, the ennchment "process, The patural cancentratmn of uranium-235 in. ur,,_,;urn isconly . .-
Eflths- of one. percent The rest' af the uranlurn is - non- lssmrlable uramumsEBSi_‘ n Drder for-

‘ “is urrently ths only prcmder of ennchment semces m the Umted States, Its t ree gase : ‘diffi_isiaﬁi
sfichment plants provide the en hed 1 uranium for all reactors in‘the United S as Well'as for
1any - foreign . reactors.” Afterenrichment, . the uramum hexaﬂuﬁ:ﬂde is cgnverted to iramum: "
xide, which.is then faby ated mtc fuel"rods R : '

; es- héal fmm the f :

ance the fuel is mntamed w:lthm the fuel rcds, the c:anlant does not cnme in- direct contact f,th :

“the-fuel. The. co@lant then 1is.either.converted directly to steam. or goes' thrcugh a heat exchanger to

convert water mto stearn Thls steam dnves a ‘turbiie. which turns a generatnr to pmduce electnezty;. .
N ! \

: Wat_er is the ccc:lant in 4ll- except one reat:tnr in the United. States (a gas caoled reactﬂr} A

B Thoﬁ%énds'af itons of water circulate around the core to carry away the heat. The core and cooling \

' water are both contained in a heavy steel pressure vessel ‘which is m turn sh;eldecl by a steeHmed :
v cnncrete cnntamment stfucture

T 21




As a b product of ti , !
' Dnsi fthg. Qf vanous matenals_ u nundmg different ’nrtmns of ‘the reactcx sy' erns

i ;2 niuclear- power reactors -were-atthorized -to ope;
on structmn errmts_h"'ve been 1ssued fc:r 92 addltmnal

:,,.;w;eagtnrs are:m scme phase Df planmng prmr tQ ccjnstmctmn S S S Ll
The most common type ‘of reactgr im the U. S is the hght water reactor, mcludmg the bmlmg

e 'water reactor. and . the pressurlzed water reactor. (Light water is ordinary water, H20, as

e (il;tmgulshed fmm heavy watér ‘containing the hydrpgen 1sutape deutenum) There is one high ,

temperature gas: cooled reactor in operation in Colofado. About two-thirds of the nperatmg and

planned reactars are pressunzed water reactars Mcsst ﬂf the rest are bmlmg water reac.tars

' JIn he bmhng water reac:tar Awater is bmught mtn the reactar and allc_iwed to bml It is then
) expelled fmm the reat:tar vessel as satu:ated steam, whlch -drives a turbme to produce electrical
; ,_pawer : :

In .a pressunzed water reactar pressure keeps the water from boiling: Instead water is
: pumped through the core and remcved at the top as a heated liquid. The water is then clrculated
“through a heat Exchanger where steam is produced from.water in a secondary loop. The steam’ .

dnves the turbme The coaled water in the primary loop is returned to the reactor to again cool the

. In‘the high temperature gas cooled reactor, "the core s cooled by certam gases passing over it, '
usually purified carbon dioxide or helium. The gas gives up its heat to water circulating through a.

- T 7 R




’Typgjaly, abaut a. th' “of: the fuel rods m a reactcur rnust ‘be- replaced each year These rods
hat ar =1'\%rm:>ved called :8p¢ ‘,t’xfuel ccmtam fuel that cnuld be. salvaged. for further use. ‘Some of thé v
" “original ‘uranium-235. reii: ins’ and- could be used for fuel ‘The spent-fuel also- ‘contains plutnmu -
mwﬁwhlch “was- formed:by- neutron- bombarﬂment of-the"u raniun-238-The: plutomunns ﬁssxonable and**
. could alsg be used for fue! ThlS uranium and plutonium could be. recovered.in special repraccssmg el
" plants. Unfcprtunately, plutonium can also be used in nuclear weapons. Many pcap§ are worried
that this plutcmurri might be obtained by terrorists or other. groups. and could thén add to the
proliferation of ;uclear weapons. For this reason, commerc;al reprocessing in the U. S. was stopped
mdeﬁmtely as‘of April 7, 1977. Fuel rcds remdved from pawer reai:tnrs are now stored in pools of
water at the reactc:r site. . . : - . : -

"\.
-~ A nuclear reactor that produc:es new fuel faster than it uses it up and pmduc;es electncxty at
/" " the sdme time’ may sound hke : rnethmg out of a science fiction novel. But there is a reactor
tgchnﬂlogy!_,, the pre-commercial stage that does just thataproduc:as new fuel as 1t produces
~ electricity: ThlS reac:tar is the breeder reactor '

T he idea of the breeder reactor is not new. In fact, the ﬁrst nuclear reactol; to pmduce
electnclty was the Expenmental Breeder: Reactor: (EBR-1) in Idaho. It was designed by Argonne
National' Laboratory and produced about 100 watts of electricity on December 20, 1951. ERB-II is
.now_ being_operated._in.Idaho.for the Department.-of. Energy by-the-Argonne-National-Laboratory——
‘and-is the only operating fast reactor in the United States. (A fast reactor is one without a

. moderator, so that the neutrons are not slowed down.) It is providing information on fast breeder -

k]
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: r - ] perc\ent vf‘or hght water:reactors Dne ther
spect,:cif reeder ,,'reactms 15’"'fhat theu' fuel ‘can” be: ,produced ecarlormcally fmrn‘

' '-:_'jgreater than " in". conventmnal rr ctor cores. At these hxgher energjes A:tﬂhere'lsy'a much greater
gmbabuity that the ‘neutrons n _,,eded tg mamtain ‘the chain” reactmn wﬂl "be- captured by- the
[ »—.ffertﬂg uranlum-zggvm O R R L - [ ez S, :Ai,%zf'—,_,,,-:r, - e 3

The term hqmd metal is usgd becauae hquld sodmm is the reactar cc:olant The fuelin such
a systern would probably be a mlxture c}f ax;des ef uramum and plutomum ' :

Liquid met‘al fast breedér reactors haVE the pcteﬁntiajl af‘ Eeing more efﬁﬁient than light water’
" reactors, since sodium is considerably more efficient than water in transferring heat from the core.
Also, the reactor core can be operated at a higher temperature without pressunzatmn since sodium
has a much Iugher boiling. pomt than watar : : :

e

The LMFBR has ‘some - dlsadvantsges when it 15 ccmpared to hght water reactafs,yThese .

A .:1f 1t is expased tc: exther water cxr alr Further 1t isa snlld at room temperature and reqmres an
elaborate heating. system to assure that it will remain liquid- throug,hnut the coalant system SDdlum .
' is not transparent, whu:h complicates refueling and maintenance. ;
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As the breeder is bemg debated ths U S A reactor
develcpfnent ﬁnds itself being surpassed by countries éruéhf s Great Bntam Frah}:c and the SGVlet h
Union; who havetgmmitted themselves to acceleration of their fast-breeder reactor programs. Many
_countries, particularly those in Western Europe, feel that they- sxmply cannot afford to give up the
breader because of their lack of other Energy' resaurces. :

K]
= - :

Anather breeder reactc:r concept is the light water bregder‘ reactor. The LWBR differs from

" the LMFBR in -several respects. The LWBR uses ordinary .watér as a coolant :ather than liquid
sndxurn so that 1t bfeecls much moreé slowly than sn LMFBR FISSIQDS in an LWBR are gaused mally-- ’

systerﬂ thcnum-ZBEluramum-ZSB rather than uramumsZBS/plLLthlumsZBQ An Experlmenta]

-~LWBR -is ~currently ~operating “at ‘the" thppmgport Atomic Power -Station in "Shippingport, . -
Pennsylvama where teést data .is bemg collected to determine * t.he fe:aSIblhty of this partlcular'
breeder technglagy for commercial apphc'atlon : : :

% . . ) . ) 3 -‘ . 1
Safety Systems m Nuclear Rea::turs : 7

Stnngent safety precautmns rnust always be taken by thE bmlders af nudear plsnts whlc:h .

law with the respﬁnmbnhty of satlsfymg ltSElf that the plant wfll not Endanger pubhc health and E
-safety. Llcensmg was prevujusly done by the Atomic Energy Commission (AEC), which was



qT!us tends to reduce the reactar pawér'level

, In addltlan tt: thess natural safeguards rnany saf’ety features are =I::ullt as an mtegral part nf
any reactor facility. Thesa area’ defense in depth agams the release of radmactmty ’

e nBa

Qne sur:l] "sgvf_eguard 715 a mn:mtoﬂng s' tern f‘c:r neutrcm mtensrty Neutrorls i ,1txate the fissmn
‘reaction, and the number of available neutrons is related to thé reactor power level. Thus "~ ™™

. measurements of the number of available neutrcms are made by séveral indeperident mcmtanng

. systems at various locations in the Treactor. core. These instruments are cannected tc: a rapgd .

shutdown system ih c:ase neutron.intensity. rlses above a pEaset hrmt R

Reactor control systerns are alsé- demgﬂed for saf‘ety Matenals suc:h as boron or cadmlum are
able to. absorb neutrons and, by \remc:vmg neutrons frc:m the" system, shut dowri a reactor,
preventing new fissions from occurring. Cumman methc:ds of using these ccmtrc:l systerns~mclude
 the mechanical insértion of ¢ontrol‘rods into the core and the addition of liquid. ‘solutions of these
neutron-absorbing elements to the water rnaderatc:r Most water’ reactﬂrs have bath, methads of
cantrc:l available. e : ; - :

Instrumeuts canstantly mamtor what is’ happenmg m the cc:re Impmper 51gﬂals ccmcemmg J -

safety systern has cme or rrmre backup systems in case th§re is a faﬂure in the prll“l‘lal? systern

, Reactor deagners assume that at As&:gme time, elec‘.tnc power to a nu:lear plant may be shut v
off. To allow for this possibility, they ‘usually desxgn reactor systems ‘that require no electric power 7
to achieve safe shutdown. Those which may require power after shutdown, such as those which ‘

keep the eaéla’nt circulating, are equipped with emergency diesel generators' and batteries s0 that




At ;’Energy Commlssmn Fc:r twa years a. staff Df 6D,peaple studled hundreds‘c: thmgs tha
cuuld go wrong in a nuc;leﬁr pdwer plang and. Estunated the amaunts of radloactmty that could be:
released ‘under various’ weather cnndltmns ‘They termmed that'the worst, credible accident would .~
Tkl 3300 people. and cayise radlaf.lcm mjunes ‘to. afbther 45, DDO Severl. thousand. squaie miles cf :
xlﬂ.am:l Wcjuld be contaﬂimated ‘and 290 square miles wauld be. unmhabltable for a'year or more, The © -
pr’ababxh;ty that such 4n accident would occur was calculated to be- extrernely small-if there were

. 1,000 reactors m uperatlan such acmdents would have thé ﬁmbabﬂlty of Qccurnﬂg p,nce eVery A
.mxlhm} yaars S : B A o

,__I he Umcm of C.orlcemed Scientlsts ha,s prgduced a cﬁthua af WASH—]4OD They befieve thatj s-\_'-
‘under'the , worst: passﬁﬂe C¢

~ “might’ exceec‘f 300, ODD and such accldents haVE ﬁhe prababﬂlty c:f cccumhg abmft G‘hce everyny
SDDDDyears S B

a4 wBETI 1 P . o
. S E L A L (L
,/ " : s . METREES |

The NRC‘ re::enﬂy ccnrnmlssﬁned a gmup to review: the Rasmussen study Thmr ﬁndmgs, the' )
Lewxs Repc)rt state that much’of the data needed for caltulatmns of-reactor risks is still madequate '
* and thaf WA§H-14DD cannnt be used to prove the safety of nuclear power. The authors were unable .

 Whether reactors, e_ more safe.or less safe_fhan. the Afigures.in. WWASH-14UD suggest....

" Nuclear .power t_::ppénents argue ‘that the ’cécns_equ,enges_ of an’ .accident would be so
catastrophic that any risk, no matter how small, is unacceptable. They contend that the accident at

4
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: prov;dmgvth > SSEO mﬂlmn habﬂity'pmte tion 'whlch msludes buth persanal injur
d du (11 to’ He. ,-,C ngre hg S inteé

by both nuclear and fossil: ueled pawer plarlts But one c:f the ma_]Dr corlcerns over HUCIEET p(:)war »I; o
mvolves radmactive wastes T oL T .

. . ..\ EE ) 2 L ..i,!- )
Withm‘ fhe bmadv categgry of radlaactlve wastes snme system le subdmsmn is needed far o

e

clear disciission. Unfortunately, theré are ho- ‘¢lear-cut: deﬁmtlcms in: genera] ‘use, ‘and thlS -has
___%%ontnbutgd to tha ccnt‘usmn abcut these wastes T ;

Dne atternpt at cal\sgonzmg radmac 1ve waste is'to -COI’lSLdEl' whether the radmactlve materlals

B m the .waste are natural or man-made. In the pmductlon -of nuclear pawéﬁ,d natural radlaactlve
- Mhaterialss occur. in wastgs =f1;xm the. m;;:ung, ~millin ﬁ:ﬂung,‘ -hn and, fuel elgment
fabﬁcatmn steps which lead up to- the: aparaiign of . the reactar Althc:ugh theé dec;ay oft atural
-uranium eventually yeilds stable lead; there is.a long series of mtermedlate radlcmuc:hdes Whlch

‘ accaunt for more than 90 percent of the total radmac;t;v;ty present in a sample of natugal uramum
ore. These 'daughtef’ products are. left behmd in the:tailings;. whic.:j: is the residue from the rnﬂlmg
prﬂc‘ess in- which the uranium is chemlcally extracteq from .the crushed and ground“ ore. These
tallmgs are normally stored on the surface near the mill; gtaded and diked as negessary to prevent - .

”*emmcm by“surf'ace “wdters:” and -watered- tc: ~prevefit- wmd ergsion: “When* addltmn -to-tailings- tﬂfa“““m
particular pile .has been’ campleted .a VEgEt‘&tlDﬂ ﬁccvenng can be added as addltlonal wind '
protection: Tt is possible for radtm a.radipactive gas, to diffuse.ttirdugh a taﬂmgs plle from,decay of - ‘
the nramurﬁ and dlsperse mto'the air. The Remdua] Radioactive aterial§ Act of 1978 establishes

BN f{.\ s ;I B -
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althcmgh
- ~ recise.Kln _ rial T ,,;nge .
”‘ﬁﬂf the ty €5’ _ s follows: ters, frorn the cleansup of. gaseouslwa St '
,c,-excha‘nge -Tesins;- prsapltates or—e ‘porator sludges from the" cleamup of: liquid- wastes concréte T
.‘,xnther solids made. from small batches of radiodetive liquid waste not g_gactmal to clean up; absorbent . .
paper, swabs, plastic sheetmg, and sm:lﬂar materials from contamination cg‘ﬂtrol or clean-up WE!I'k o
defectlve or Qbselete plf mg, mafors mstrumeﬂtatlon or other egquipment. .,
N e s L . . . d. ) _
. Tha annual *valume of this general categary of waste is a few mlllmn cubn: feei per ‘year. Even
) lf this mgressEs DVEI‘ the years; it will still befvery small,ccxrnpared w1th other types o ’sohd wastes

. ! : gulatlans bannmg fuel reprocassﬂig préc:lude;
'then- use. af the present time. - The fission products are basically waste that nieeds to be dlspcsed of.
The fmal dxspasal of these spent f‘uel rods is a problem yet to.be solved, It i is a problem shared by
~I'wastes from the gammmen‘t weapans: testing and, nuclear!pawerecl Shlp preg;:gm T he ar ount of
- thege defensa ‘wastes i a x‘me lsrger th )

_ Ei)wer glantshave 80 far’pmduced' aba
cubic feet of low=]eve’] wgste




“Since-.any, type ‘of commerc 1 power plant has a USeful life of r@ughtly 40 years, it'
.. necessary. to_consider the dfsp sal (or decommlssmnmg) of a nuclear ‘power plant. Exéept for'the .
""feactc:)r VESSEI rrmst ‘of ﬁtthé nt cmxld be disposed of by ccnventwnal methods W1t‘h the’ matEﬂaIs
,_beigg#;fg;quled or di's‘cai'a' ,glMany of the matenals w1thm the reactur vessle W111 have ba rrie.

. kY 5 ° =
_years to allow ﬂ“lé Shqﬁ:er half llvecl matenals to decay *They wnuld then be dlsmantlec}r_ 1 d.;_ s
-, chspase of in a burial 51te e . e S :

bt e d A ) F

. The - federgff? Department of Transportatmn regulatlons require that
packaged so- that “even in.the event of a severe transportitionsaccidént, thére ‘would be no
' s:gmficant reléase’ Df__nuclear wastes from the packages Su;h acc:ldent-progf c@ntamers must . -be

EnCOUﬂtEEed in severe accldents In sp:te of these p:e:caﬂtmris ~the m@vem&nt of nuclear wastes ls' e
still a controverSIal area. .. , K 4 . . ) -
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Health Effects of Nuclear Power Plants
As previously noted, all matter is made up of units called atoms. Each atom has a nucleus
with an electrically positive charge. A cloud of electrically negative electrons surrounds the positive
nucleus. Ordinarily, the number of negative electrons equals the number of positive charges in the
nucleus. The atom is then electrically neutral. If energy is supplied to an electron, it can be moved

to a position further from the nucleus; then the atom is said to be an excited state. If large amounts

of energy are supplied, the electron can escape from the atom completely. When one of more
electrons is separated from the atom, the atom is said to be ionized. The atom has a net positive
charge since it is missing an electron. This positively-charged atom, taken with its separated negative
electron, is called an ion pair. Radiation produced by nuclear reactions and by radionuclide decay
can supply the energy needed to excite an atom or form ion pairs. Thus it 1s often called ionizing
radiation. )

When tonizing radiation Passes thruough uiatler . 1 lutaiacte with the ooy tion Glouda ot Lhe

producing ion pairs In the matter. This basic process is essentially (he same fus all kinds of
malcrials-air, water, people, cement blocks, or steel

lhe potentiat tur wgury 01 Jawnage livny any hiasd o1 sdiation Jd. proanda e tade Gl ey,
loss as the radiation travels thiough matter This race of enzrgy 10ss i turn de peads on tue type of
radiation. its electrical charge. and its cnuagy [The energy Jepositud by the radiation in the
absorbing inatter causes changes in the matter, suoh as the production ot 100 pans These Jhauges
can result in damage (o the matter incuding distuption ul; the functions ot cells of I g viganisms

Lhe 1nuat pencbiatiug type I Jdocay tediativn e thie gania ) l!léh €y paliting lays wun

completely penctrate 4 persen a vonviete block o1 a shicet of lead

Beta iadiation whi haa high wovag, posllive o egallve o e waplabide Lo PR TR

pre . oFaluminum fod vr seoenal lay cis of @ person’. shin Lo ol Il vange 1nay be as i 1ol as a and

Apho tadiation win L L gl saeag) Bl v el 4 aes canciiie s oviicrsas, oovs, thia [TY TN
ol puper bui cannot ponclials Lonventional aluninum Wil dowever wmipha partt Ls ane the most
hazardous of all types of radiadon tf they enter the body 45 a result of swallowing or tuhali g an
-:lehns chitlliet

Kadbvacu o, [ T S B SR "o i,
voaowsd by severan Uropa of astiu e ks 2 0 ol e s w g iede La st skl a1 b ity
phovograghic fihin v bileh costh s v ey ueove U dtabion wnd 1a 00 dbacly Cacd b bt adpes fon
nieasrtug th, cunulatly, amount of caposue coelved 1y oo ple who woib v b sonreee ol
radiation. Qthe, types of uitectors aach us Gelg, 1 vounte. s L nde oy, hiae bcia and oopaitlaaal
counters are used to ueto ot the proene and tuc s ute the ensity of adialion o hes. u\iluuuc;ulg
van detect ths: piccnee ol caticnely soall atawunts v tavioad tve orace tlals Raol o Jeéleotlon is

also very acngidve i its abuddy to idenufy spectfiv vadivactive substances s Ls poas.ble because

11, L eadgas aa b L el L NN s, R e, IR U S FE . . N

lon | s iodesed noaln by day owad 55&;@ aaays A dooatgen s b cowunt st and i a
fey dred o produc 1s wdtying o slaadaid el Chaige deou steadaid an vt o sl The

rocilgen cua be moacwic ! direotl, stnee the clecliln et ca . e ncasined U oo cnan.ter
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The radiation absorbed dose (rad) indicates the amount of energy deposited in material by
any type of ionizing radiation. It is a measurement of not only ion pairs, but of all energy
deposited. A rad is a very small unit., Forfexample, one rad equals the energy required to raise the
body temperature by two-millionths of a degree Fahrenheit. -

The roentgen equivalent man (rem) is the unit of dose equivalent. It 15 a measure not only of

ergy deposited but also the resulting biological effects.
&

For instance,  suppose: 500 rads of gamma rays produce a certain change in a tissue and 50
rads of alpha particle radiation produce the same change. We then would say that the alpha
radiation was 10 times as powerful as gamma radiation in causing this change. In other words, the
alpha radiation would have a quality factor of 10 when it is compared to the gamma ray

We can use the formula rems - 1ads x qualily factos Lo convert from tads to rems In ow
example, the quality factor for gamma radiation is I'. Theretore, 500 rads multiplied by a quality
factor of 1 gives 500 rems. For the alpha radiation, 50 rads multiplied by a quality factor of 10
gives 500 rems. The number of rems is thus the same tor the two types of radiation which produced
the same biological effect ) -

Sinee radiation protection deals with the suluguading ol oo ple ITOM tiniceesaany tadiallon
enpuadre, regulations and recommendations are usually writien in tenns of (ems, which take into
account the biological effects of the radiation However 1t 15 oiten desirable to work wich smaller
units, so the term millirem (mrem), which is vne thousandth { QU1) of a rean, 15 often used For
example, the maxumum peimissible expusute allowed fur a radiavion woiher is 5 1enis, w1 500
premn, pes yous

o descilbe radiation vapusune vl giooage ol oo e G0 team pess e i vesd T poasan
s ndicates the total eaposure of Wll membes of 4 certain population For zxample, coaslider u
growp of 50 peopie If cach of the 30 people recehve. vne re.n the popaiativa duse 15 50 person
rems [f 25 people recadve vae rem amd 25 people 1ecelve ao caposate the population dose is 25

persoa iotna I one persgn recdives 25 i and tho teal ic clv . no capusaie the populddoen dose s

25 person-re.as

LU EIYTTITTTONYY I ithe woats ot wadiatna e Lon R T T T P T [ETOETITON PPN T
L, cayr ol gamina xay s A ad sefers Lo the coerg, depontton oy wsl sl 0y any o dzag
taoaadon A sem refles oo L e alls vt at Cautgy O poslted 1o Wosue and the e peson tein

indivates . 5L 1 oa, usuie Hf L gh oz pupaladon,
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in
houses made from wood. Our bodies and the food we eat contain radioactive nuclides such as
potassium-40 and.carbon-14. :

1 natural radiation in the U.5. )

T L ! ' " " Tables
U.S. Average Natural Radiation Dose

Source | - Dose (mrem/fyear)

+
[=

Coamic radiation

Radionuclides in tock  sall el 16
Radivnuclides in the body 24
Total 90

AMun thadd. lgdigtlu!! L.u_‘-,l;a ta this an waapme ol thoae v nc ) cone s dve o Mloat o i o il
Jdvae b miedloal and dental a 1ay s A small ainoun of cadioscil 10 1 ales 1eceived frons T sut
from weapons testing and hom nucdoar teactoss lTabie 6 gives soane examples of man made

radlavon exposares thao give an avorage of 100 aren, per youi 0 evecyune tn the U3

.
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-Knpowledge of the effects of radiation has generally resulted from data on large doses received
in a short time. Data.sources in l, e Hiroshima survivors, victims of radiation -accidents, and
patients receiving radiation therapy. Hawever, most humans are exposed to low doses and low dose

rates. To see the biological effects of this type of radiation, one would have to observe large groups

" .of people over many generations. Because of this difficulty, the general practice is to predict the

O
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results of the low doses and low dose rates on the basis of high dose and high dose rate data.

that some mjury résults from any exposure tﬁ rddlatlan A;Lordmg tG tht: lnternatmndl CL]I]]ﬂ]lttﬁE
on Radiatian Protection (ICRP): "The objectives -of radiation protection are to prevent acute

radiation ' effects, and to limit the risks of late effects to an acceptable level For purpum::s of

radiation protection, any exposure is assumed to entail a risk of biological damange " There are
certainly levels of radiation that produce no detectable effects: background radiation and routine
diagnostic x-rays, ‘for example. But the most conservative assumiptions are used to insuwie maxinium
protection for the population.

The age of the exposed indtvidual can greatly affvel hila/hict sensitivily (o radiation Whien
organs are developing before birth, sensitivity is high, because differentiading cells ana cells
undérgulng rapld divlsicm are more ﬁéiily daumg;d §lulll.-;uy fiom bLirth to maturily hibh rates of

An adult is nore rt;;l:tsml to mdlatlﬁm t:“cg[; l:}.pu:m.,,_ huw;\u;x thdy glve 1se Lo 5glmllg ;Hm s lii
the exposed adult's future children For a person beyoid the 1eproduction age geneliv offects ate
not important Simlarly iadiation effects which might appea: only after a long time (fur example,

tumor induction) would not be as significant o older peuple as 10 younge peuple

Some paits of the body atc mote senaithve to radlation citects than other pacc 1 oo L s
i e upper abdomen s irradiated | the radiation sffects are mote severe than if . buoay aica ol
shyailas siZe elsewheie weie exposed 1o the same duse This is bucause of the presenc, I viwat vigans
In the upper abdomindl arca Thus the relatively high doses fTom suances aach as el s tays can
be tolerated since they aie «onfined Lo an eaticanely small area contalinng o vital body uigans

Naadiacboa oo a ali.all ‘.u,!'[ el thie L «lé sutba. o will ave v o b L IR T I L N S T O ~!l‘|é‘,!
Ao delivered to e whoie body  shace e anliadialed poation cw. help tue alivoied po tions
reco, ef
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Somatic effects originate with the response of the irradiated cells, The first event in-the_
absorption of ionizing radiation is the production of excited atoms and ion pairs. When these are
pmduced in the chemical systems of a cell new and possibly harmful chemicals are produced as
iation. Thus, toxi¢'materials may be
pmduced Furthermore lf thE radnatlan affects Lh,,rornDstal material within the cell nucleus, cell

..division may be affected. f#s a cell may respond to .irradiation in several ways: chromosomal.

changes, cell death before division, failure to specialize, failure to divide g(}lnplétaly or slowing its

. division rats Some cells will be unaf‘f'ﬁgted by the radiation. .

:

The cellular response to radiation is determined by a nunber ol factors. Among these ajghhe
cell's stage of specialization, its activity, and its division rate These factors partially account for an
embryo's gredl sensitivity to rvadiation. In the embryo, a small group of cells will w:nhmlly
specialize or forn an organ so these cells are especially radioscensitive

These factors also help tu make radiatlion thetapy possible A patlent wiil . duoer o
cxample, receives a pumber of exposures giving himp/her a 1arge total radiation Jduse 1 hrough the
phenomenon of repair following radiation exposure the colis begin to repalr the radiation damage
between exposures However, the rapidly dividing cancer cells have a greater chance of being
destruyed because they ate muie h%:qu\;ull} th thie radiosensiilve stages o f cell division

rhg‘ A,,AJA;:;-..,AA,;HI\IIA ) ST YRRTIN and el o PR R I L T RE Y T POy Py T BT

é.u.\.mtc\cinal tract for :}&..mpl\: ome celly ave matur: h:a are conliauot, A}; beiag Jis . iml

.lel‘ilug L;-E“ﬁ wll! b; agv:u:ly dc;gh:n,;\;d in m.ml.;! it lh; sl\—:; Is nol Loy hl,bh llu: ;«mvl«lng L.;;ll:. w!ll

be able 10 replace thuse destivyed

oo large doss 15 glven Lo o ainall w0 b U b, U ponsesnd L b bt 0k et o
ahih Gagdap s rradaed  For lustane | o vng e latic, dose (0 a0 an wile vy bkedy vaase
detectable changes in the wom Lot it will not reeadl In desch v wvorel s danage the Lisod loakuig
system beoausg the najodity of this Lysleal was not caposaed 1o hic tadlatlon Or the othes hmi;,l_ a4

moderaie Jdose Lo the tepaarduncdl e vigdns van, tesalt 1o Lz any sleadllly
- 4

A g swddon wholo DOy dose G Ladtain paende (oo Lo T
syudiome: Nausca. vomiting general aches anu pains an.d possibly a u.creas @ the nomber of
white vells L ocalie.d phenoniena, su h as ieddoned shun o loss of ca miay L paodised Laggss
doses cause weakness diastle depresslun wi all blooa clonier oaad possi by st it A{( slill higher

douse l:vels leath will probably vecur

| T PP Y Y Lo ' ' i
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Mutations occur in all living organisms. They may occur of.their own accord, apart from any
knowrn alteration .in the environment. Whatever their origins, n‘lés{ utations are undesirable. Every
individual has some of these undesirable mutations,

3, . = e

Radiation-induced mutations are divided into two classes: gene mutations and chromosomal
abnormalities. Most deiﬁtiOﬂ!indUCEd alterations are gene mutations, which tend to be recessive. In
other words, the efféct of the mutation is not seen in the offspring unless the altered gene is carried
by both parents. Even though the mutation may not be seen in first-generation offspring, it makes
such offspring slightly less fit.

- -

Chromosomal abnormalities include chromosome loss and chromosome breaks These etfects
are severe, and usually result in the,death of the embryo before birth This type of genctic effect
happens much less frequently than does gene mutation

of doub,hng dose, Fhls do;z: would gw;ntually %ac a duublmg in th rate of gene mutations that
occuf spontaneously -

Lu the United States about 10U millivn chiddicn are Loaii 1n a gonstation 21 thoae sboot T
peivenl will have nje[?glabl; gpenetic defects as a consequence ol spontancous unavoldavle genctic
changes passed ou by all their ancestors It a duubling duse of adlation were applied to present and
future generations it would eventually lead ta a gene mutation rate o1 four percent It would ake
on the order of U generations to reach the rour peccent rate The doubling dose cited by the
Natibnal Academy of Sciences wepuit, The Effccts o Populali,as ot Expusure to Low Levels of

Ionizing Radialton. 1s ¢stimated to bc.: 40 rads (40 000 mrads) per g,ml;:r-ilmn_ In other words. if
the average dose to the reproductive cells of all of the individuals ot the population were a total of
40 rads from coaceptlion to age 30 o1 | 3 wads per year abuve Lackgiound fur every goneration,
after about 10 genciatiodus he sate O unpalilag mutations would gradually 1ncrcuse so as to

eventaally doable from twe per ent to 1our perceal Phis anount of radlation 1s tar abov, thal

obtalned Loom any vunrea i anmade Lo v
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Under normal conditions, the amount of radiation the general public receives from a nuclear
power plant is extremely small. What are the risks from such small additional amounts of radiation?
The latest National Academy of Sciences study indicates, according to its chairman, "At low
doses the risks are very small. There is a risk, but it's not the end of the world." Another member of
the study panel disagrees somewhat: ""We have no idea what the effects are from very low levels,
and in any cdse they areundetectable." ‘ :

This very fact of Heing unable to clearly detect any effect, accompanied by an unwillingness
to say that there is no effect at all, has led to a dilemma. In order to avoid setting standards which
would expose the public to unnecessary radiation, the National Council on Radiation Protection
and Measurements has recommended exposure limits based upon “the followmg cautious
assumptions: (1) There is a single, linear dose effect relationship fur the offects of radiation, from
cero dose with no effect to the known cffects of high level doses (2) There s no threshold of
radiation below which there 15 no effect. (3) All doscs received by an mdividual are additive—that is,

available evidence indicates that several of these assumptions are probably (oo conservative but in
the interest of safety, we assume that they ate true under he philosophy that it is better to be
oversafe than to be sorry at some future date

I'he radiation protecuvn gatde aiilved o o0 oo 44l T D Ceana
pentesible dose to the gencial populavion Thoo arnount b prosentl 500 nucin/y ce, aue ve nalutal
background This figuie docs notl lnciude an tadividual's 1 dialion dose tiom edioal paoseduses
The NCRP does wot attempt to cegulate or amitt radiation cxposure fu. neoessary disgnostic and

therapeutlic purpoaca but 1t Jo@8 recomin. nd redu.t1ons in ths eapoasnie v hich Jdoes not conbibute
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Poople ale Lol o g aae ki Y L T N (O N S S S T PO Y
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Table 7 o
. Estimates of Annual Health Effects
From the Operation of One 1,000 Megawatt
Nuclear Power Plant
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shut off these pumps because if the system were completely filled with water, as they thought
was happening, they would have difficulty controlling the pressure. Around 5:30 a.m, they shut
down the primary coolant pumps, which had begun to vibrate, épparemly because they were
pumping too little water. The operators feared that the vibration would destroy the pumps, and.

" possibly cause a rupture in the primary coolant system. By the time the stuck relief valve was

discovered and repaired, and the emergency care cooling system was turned on again, the coolant
Jdevel had dropped so low that part of thé core had been uncovered, resulting in substantial fuel
damage. ‘

Mecanwhile the radioactive water flom the contatnment Luabding was Loy punipnad mto o
slutage tank in an auxiliary buillding This pumping was done by sump pumps which vperated
automatically When the storage tank was tull, water spilled vnto the oo and cadivactive gases
began (o escape to the environment through the auxiliary building's vendlation system This
problem was discovered at about 9 am The aump pump was turned ol and the contatnment

butlding was scaled off trom the rest of the plant
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- " . FIGURES 7
SCHEMATIC OF PRESSURIZED WATER REACTOR
MAJOR SYSTEMS INVOLVED IN THREE MILE ISLAND ACCIDENT
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fear that if the system cooled down very much, the bubble would expand and restrict the flow of
cooling water through the damaged core, possibly exposing the core again,

NRC personnel, using a ''worstcase scenario'’,

postulated that there could be
-explosion which could possibly breach the containment building and release serious

a hydrogen
amounts of

radioactive materials to the environment. In actuality, there was never a danger of such an explosion

because
hydrogen had consumegd the oxygen ﬁ;gn thg water by

hgre was no oxygen in the reactor vessel. The chemical reaction which produced the

,usidizing the fuel cladding

About this time an NRC Dmudl at the scene remathed (o the press that thag was ical

possibility of a core meltdown.

In the midst of the confusion

Harold. Denton uulvuq to ldl\t

control of the NRC staft and began the coordifade, of dews 1eleases

NRC officials debated about whether they should iceominend o goncral cvacuation ol (Lo
area around the plant. They also comsidered taking over operation of the crippled plant, but finally
concluded that they did not have enough qualified opciations staft to wun the plant Thus as 'Black

Friday"

Satuisday anibved wiith carnthitocd LoatSioa

FYTTS B

o

closed, the nation believed that a catastrophe was eiminent
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Harold Denton told the press that the possibility of the hydrogen bubble exploding was never

‘great. He also began recruiting some 200 nuclear experts from around the world to assist in the
subsequent evaluation of the system, :
"By Tuesday, April 3, some school§ in the area DPEHECI; Governor Thomﬁurgh“ideclared anend =~ v

to the threat of 'an immediate catastrophe. '

L

Joseph Califano, then head of the federal Department of Health, Education, and Welfare,
stated that the maximum dose anyone might have received was about 80 mrem, or about the same
as a couple of chest x-rays

[

Some [adfﬁtibx‘! Was 1cpoilud 10 be escaptiug Livin the planl pithiaadly o opentng ay steine
to take water samples. '

Inn subsequent days, the pressuc and teinpetatuse of the aystesn temdlued slable ard the fucl
tepetature slowly decreased The pressurizer was occasionally vented to the contaitument (o avoid
possible return of the bubble The hydrogen recominers continued to lower the hydrogen content
of the containment building By Aprl 9, the dissolved gases tn the pitinary voolant were easentially

childien stay out of the arca

Frnally ) oo Apill 27 acaid, a wonde a0 e a0 pboedon i ca b Lhe

prlntay pumps weie shal Il and the teaa o v s kept cool t, th natufal cacultion of »ater
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.
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A survey on the social and economic u‘npacts of the acmdent was commissioned by NRC and
condficted in the summer of 1979. The' survey showed that the cost to people near the site was
$19.2 rm]llcm in evacudtion expensgs and lost wages. Two out of every three children under five
‘yéars of age and three of every four pregnant women in the area left during the ernergengy
Twenty two pergent of those responding to the survey said that some member of their family
suffered extreme emotional upset, dyring the emergem;y pr:m::d . <L, \

The complete effect of the aecident on the tuture of um:lea:?gw;:r s not known but 1t has
certainly increased the apprehensior of many people about this enefgy source. On the other hand
supporters of nuclear power say that if lessons learned from the accident are properly applied,
nuclear power can be made safer, and it should continue to supply an increasing amount ot our

clectricity

N

Nuclear Power: Eulg:ﬁ Ptu%pecl};

Nuclear power haa thus tas had 8 good salety cooiad Lic ity pacdo o U, o e,
13 gencrally less expensive than that produced by coul o1 ou This has cesulted i, 1 Jo saviiys ful
‘consumers, while at the same tume helping the .S dicrcase its dependence ou imported oil And
the unique ability ot nuclear power plants to keep Gperating Juing severe woathicr conditions such
as the frozen coal piles and barges of 1977 and during a ndticnal coal strike 1n 1978 helped 1o avert
majur power vulages ln thuse years 4

Drcapue this purleanance e weis 01 o deas .o an i Al
widess from 1975 ¢0 1977, resuicing in a ne. a Juction of 14 u:uge ,:iants since 1 )7,5 lﬁe“ Mae
two new orders for nucleas plguxlg in 1978 Lelays have veviatred in bullding the plants alicady
ordered, and in completing the plunts unde, consuaction. There are many reasuns why clectiie
utilitics are ooy ordering nuclear power pl.ats Oue v (ne tact that the growih 1 celitical
consuniption dia slow down fur a while. Accnding o 4 1/OE stuay | anether prin.g i . cason fin
the lag in nu lear plant osders 1s the pervoption by utiliol s tha. the executive branch of the tediaal
goverimieat, thouh endorsing the use of light water reactors u. the National Energy Plan, nas not
supported nuclear powes by cactylug val the federal Iu:a!u)llﬂlblllllg-; bt lkul;lhg spent fucl stoutage,
waste isolation, and fuet gurichment Anotner major probleri’] faced by utilitiés is the long and
aneel tail schedules fur JoWnpletion wad the sapldly escalating cost. when constiaction Jdilays
occur These delays often dsult fioes the dituculty i, obtatung the o, vessa. v lceustug batngs
tur vaa0us Licnsts ocvorie baliies Lolwesn the abifi s and b punanls cone. fed abicat satuty
pla.t slling  wasle teal stuiage and Lianspotation of ouclea. waste = deconnnissicntng wnd the
pussitility of fiaslo.nable materlula bong divaited Lo s 1o v vnbs 8one guestion the necd to
inviease enery, supplles inoany foam Aluther fe o liae U oo the Officully 1o sew il ouls. de
financing to st port Cooslouctl i voas Levause ol wn cil ity and plraling p.ic s ccsalti g lioan
git,:l;tya chaangea i ptanl Jialgn 1idd vhianges a0 pov et cegllallons ailr oo natiadc o fias
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!c::cmntries héd licen’sed 270 reaztgﬁ, é an add:t:onal TL‘D reaLtors wen: under LOHStIUCthﬂ or qn

m;my c:ountnes ha come in the deE Df its Lantmugd growth . . .

= = . oo . i N r

- LSS . . . ey

In 1977, about 27 pervent of the primary energy consumed in the U.S. was used to generate
electricity, This pergﬁn[ag: is expected (0 increase becduse somne Ol the L\uu_gy sources thal;;}are
expected to be available to us in the future are best suited for pdeuc}lﬂg c:h;‘;tﬁuly Because of its
importance in our day-to-day lives, electricity is included 1 this section on eneigy sourcgs.

L 1977 an esthnated two trillion Alowatt hoas ot ooty weie Lullkl:lkﬂ with tygal
contribuung 4/ percent, oil 17 percent. gas [4 peicent, nuclear sources 12 percent, and
hydruelectric sitea 10 percent

11i1% §li§\;tu. iy Was uaed by the vonattatng acclos an o ow o 0 Jntoaadl A0 00, ool u!.h.?.lugg

41 io.eent connnetclal 25 pércent and uther 4 pergeunt ; i

Whono the olo e 0l aa guneaat. g ab the (o000 0 0 e ok lélé‘ e .m.u.)l’l’h
whono WS veMag 1s stepped vy in much (he sane way a4 pooap (,.ulL g up waler press ne lna hos:
When the desireu voltage 1. l'tiékil'!ﬁd,ﬂtl,e electin 1ty mies b Liansndssion ‘systetn o Le Cartled
where 1L 1s needed EBlewlitaluy travels al nearly the ayéé‘d v Mghot a0 10 15 used at aliooct thic sanie
listams 1 b producad The higo veltage vansinoston lines an usuanly ol.ced abive grvana Thete 1a
some luss of electricity as it passes thiough the lines Stip-aown tunsformers further reduce tie
voltage to the pioper tevil 101 consumets Lhe lowe voltage distutbution liys can be bunined
vanderg, ound ;
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S&me gf thc)se aspects whmh ans 1ﬁ canﬁdermg e‘r:irgy ecgncmlcs mﬁlude competlfmn monopcly,
_cartel, windfall” praﬁts “supply’ am:l demand, environmental effects, and scarcity itself. We can-

better understanﬂ our present energy pmbterns and our future pQSSlbl]ltlES if we h*éve some feehng, N

for the. meanmg of these terrﬂs

s is sunply the‘ science of‘ aﬂccatmg scarce resources.- If any kmd of useful gnod is

charge!far, some of it, peggle would be able to get it fram another source: Dﬂly scarce resources’
command a_price, Dl“ need to be: allocated, The price of a scarce good represents what a buyer has to
g)ve ‘up . when he. gets the -good, .and what'a seller has to-receive before he parts with-the good. Biit -
tl}e pnce alsa serves as a- 5@13! to both- fhe buyer am:l the seller—when a; gcmd begomes suddenly- o

. Cc:mpetltmn exists whenever real or patentlal produc:ers have the Qpporturuty tcp make more
prof" t by lﬁwermg thmr pHCE enough to sell more: gcmds (thgugh at a lcpwer pmﬁt tm EEEh) If

truly abundantr rt does not-need-to- be ratloned or-allocated, and it wﬂl ‘be free-if anyone tned to~ T



-Wohgepely y egree rmt'te compe ey -an charge

lead to more economic stablhty) but in the. U.S. such an. agreement would be termed collusion

-~ . _and would violate anti-trust laws. A cartel or trust has most of the economic eharaeterlstlés of a’
--.-onopoly. ‘OPEC” (@rgemzetlan of Petroleum. Expcrtmg Countries) is clearly ¥:1 eartel Tt must .be -

prcfit arncmg therhselyes Seme nations eppreye of selected eartels (usually on the gl;eunds 'that they =

recognized that while a cartel ‘can and .does charge too high a price, that price is limited by demand - L

. for the cartel's preduet for the cartel attempis to maximize its total ‘profit. The more that hlger
R, :Gﬂ pnees lead to eonservetmn the Iess meentwe an QPEC eartel has to ralse rts pnees ,

- a.:':

_autematleelly wroth rnueh more than they had been In a freely ecmpetltive market cnl end ges
- prices would have risen qulekly to sxgnel for less ecnsumptlen and more pmduetmn (Germany and -
" .- Japan_dealt with:their energy’ crisis in this way.) But in the. process, existing oil and gas supphes
; would also command the same higher:price, and the suppliers would thereby make windfall profits.-
Since these profits are usuelly make by lerge companies at the expense of people who depend
on fuels for heatlng and traﬂsportatlon their unfairness has led the U.S. to maintain Vaﬂaus kinds

£

" of price eontrels Many vexing political and economic problems center “around this Kind of
nssueawhether or not -to- allew prices .to perferrn an efficient job of allocation, at the expense of
inequitable eests and proﬁts



foma
.and I'b

u

00ds (external or ¢
onfident that'the ' .

“they will -

rograms is based on ideaslikes ;-

, 1 income and fixed-income =~ .-
ler’ prices would. equitable, S0 théy try to discourage-the energy - .. -

o ] if. prices were higher. These uses probably include electric heat, fuels fo _

7 indoor temperatures: higligr than: 68 degrees.in the winter-or lower than 80 degrees in the summer,

o ~‘The important thing ftcj::_auznde!rst;ignd is that shigher prices would resolve our eriergy problems °
© . rather quickly, but at a cost which seems.unfair to many. Conservation programs help preventus . ..

" from making choices which will cost society-~all of us-more than they are really worth,

- THENATIONALENERGYPOLICY ~ =" =~ = . s

- "The diagnosis of the U.S. energy crisis is quite simple; demand for energy is increasing, while
supplies of oiland natural gas are diminishing. Unless the U.S. makes a timely adjustment before oil
‘becomes’ very' scarcé and very expensive in the 1980's, the nation's economic security and the
-American way .of life will be gravely endangered. The steps the U.S. must take now are’ small
compared to the drastic measures that will be needed if the U.S. does nothing until it is too late." - .
These are the opening words from the first National Energy Plan from the Executive Office of the ‘

PrESldentEnergyl”alu:yandplannmgmApnlfolW?—— B

.+ "Shortly after President Carter prc)paséd this National Energy Plan, the Department of Energy
- began operations. This federal agency is responsible for administering the national energy plan.

. - S . |
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I annotmcreasetha
1] gas by : 1990, The

. ‘structure ‘and’ othe pr: , 7 ritie:
non-regulated-utilitie I’ppmvidesft‘orérylasfa"iﬁriﬁg,indgs’trialfdog’sne:atioﬂA facilities, and establishes

“The“Public Utility Regulatory Policies Act of 1978 includes voluntary standards on rate "
utility ‘practices for: considération by state. regulatory - authorities. and. . .

a.loan program to aid development of small hydroelectric projects. The act seeks to expedite the

issuance of permits for crude.oil transportation systems, and establishés'a natufal gas transportation ™

- policy.

The “Natural: Gas ?a]icy:ﬁét of 1978 provides for-a seﬁeé.éf ;maxiﬁiﬁm_;ﬁﬁcés:_quy;aﬁags

" categories of natural gas, ﬁnclﬁdingxgas sold in boththe interstate ~(bertwee_n:states)fahd intrastate -
" ;. (within the same state) markets. Previously, only the interstate rates were federally regulated. Price .

Zo
T

controls on- newly discovered gas:and some categories. of high. cost gas will be lifted as of 1985."

~ Another provision of the act establishes protection ‘of -residential gas ‘consumers by first: passing
* " through part of the increased gas prices to industrial users. The President was given the authority to
. allocate gas supplies to- insure that ‘in the event of a naturil gas shortage, the best . pos ‘
7 mmade of gassupplies: 0 0 U7 s

The Energy Tax Act of 1978 provides for an income tax credit for residential insulation and
other energy-conservation methods, and for installation of ‘solar or wind equipment. It establishes

< an excise'tax on ''gas guzzling'' cars, and exempts "gasahol" from federal excise tax. The act gives

" incentives for the development of gépthermal.reséur.\:es in the form of investment tax credit and
special_depletion |

Bruse is -

allowances. It gives business tax credits. for industrial investmentin alternative

" energy equipment, and denies tax benefits for purchase of new gas and oil biirrers. "

It is estimated that these measures in the Nétional Energy Act will save more than 2 million
barrels of oil per day by 1985. ~ ‘

&7
G
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1L deals with the near term strategy’ by phasing
uction and discourage consumption. Under the

N, most: ‘oil-falls' into: one_of two: caf®gories: *old"oil, whic
n-equal to the amount an existing field was pumping in 1972, and"'new" oil,
which:is production from oil fields that exceeds the 1972 level or oil from-wells drilled after 1972. ~
Prices of both categories. have been:héld well below: the-world price set by OPEC:For example; in -~ *
" . April 6f 1979, "old" oil sold. for about $6 a barrel; "new"' oil-ahout $13, and.OPEC oil formore
-.*_than $14. Becauseof this system, some old wells have been capped even though they-have not un” -
....dry, .because_the :controlled- cost is-relatively-low.-Also; exploration-costs have risen  moré’ tapidly o
n' the. controlled pri "new"’ oil, so, Ih,,af,,,domé;tig’prcductionz-l‘ias_}fs:bntin‘_ueq"terdeclirie!— et

ne

' These controls were set to expire automatically in 1981, but the President had the authority -
. to abolish them at any time after June 1, 1979, President Carter chose to-decontrol the oil prices in

stages to lessen the immiediate . impact on the econoniy’*Decontrol began %irizjuné 1, 1979, and wi''3

" be cornplete by October 1, 1981,

. = " The Department of Energy predicts that lifting the.controls. will qpicklykb@cf!st production® -, -
- from older JJ.S. fields and bring on'a new round of exploration. It is also expected that the high#F:

... oil'prices brought about by decontfol will ¢ause many oil users to switch' to other energy $o R

. Decontrol of - domestic “oil prices.will cause gasoline, prices to jump sharply, along with'all -
~~-transportation ‘costs. Home ‘heating oil ‘prices’ will ‘also” increase. F ood ‘production costs will rise, -~

- ~bringing food costs up. All these things will add to the country's inflation woes. But ‘President
- Carter felt the steps were necessary to halt our growing dependence on whate he called "a thin line

- of oil tankers stretching halfway around the earth ... to one of the most unstable regions in the
wGrld!ll _!.. = . = o B , B - A.

B Higher cnl pnces wﬂla ;;L;_Q;is_ider_ably;tgigil?ccvm‘panyﬁ.-%ﬁmﬁts.-;-_PfesidénEEi’aftexjxﬁhas':asked'fﬂw?&;fm?‘

- Congress to pass a windfall profifs tax aimed at keeping. these profits down. Under the President's
proposal, half of the profits the oil companjes would get from rising pric_eé would go to the federal

. government. Added to existing taxes, this would leave the oil comparnies about 30 percent, The new
tax would produce an estimated $1.6 billion in 1980, $4 billion in 1981, and $5.8 billion in 1982.
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In"the - are Q) nation Lo
safeguards that will all:nw light. water reactafs to ccmtmue to meet an increasmg share f»elecfncalj

‘energy. ‘needs." Résearch and devﬂapment;an breeder reactcors w1ll be c:cmtmued but demanstratlo :
o '_will be defsrred pendmg furtth study T : :

( _ AEnmugageﬁcanse:rvatmn to- reduce the rate- gf gmwth ini- energy- demand and to..
i < g impTOVE theE. prnducnwty of energy use through improved e efficiency
Qil: 7. - - Paise domesticoil - prc:ductmn and encourage conservation through decantml
" of pricés. Tax windfall profits and use revenues for relief for the poor and
energy—related projects, and research, Continue stackmg the Strateglc Petroleum
T Reserve ‘ultimately to oné billion barrels. T :
- Natural Gas: . Encaurage domestic pmductmn by finangcial mcentwes

Coal: = Enough use in place cnf -oil and gas wherever ecanamlcany and envnmnmentally
o C “feasible - R :
" Nuclear: Use hght ‘water’ reac::tnrs ta generate an’ mcreasmg share of ElEEtHClty Work taward

resolving nuclear waste managernent 155ues ‘and strearﬂlmmg hcensmg w1thc:ut
- ' sacnficmg safety.
*.  Other energy sources scheduled for research dsvelopment and/er demnnstratloﬁ
- - Coal liquefication o _ -

” Coal gasification’

- Breeder reactor

Fusion S

Solar energy . \ Lo ‘ ’

SR ¢ 7-Yo 1) 1130 11T 01 - S U

International cooperation: Meet commitment with other member nations of the International
-Energy Agency to cut energy consumption 5 5 percent by the latter part of 1979

In a speech given on July 15, 1979, President Carter-made some additions of his energy




can"rlcjw view the future Df its’ cltlzen i dependent Gf
:;Natmnal ménetary‘ systerns arex'-m:t mdependent __b' re part "of “an
systern Natmnal ‘Econc I ependent@n ‘th mtematmna

¢ East, ccntrc]s the lmn s share c’:f the warld 5 km:w*n

‘the Umted States are- m,,'_" 'cence by oil: prﬁductmn and ‘export declsmns‘ m the. Mldd]E East Fagd
supphes m the Sav:et Umcm and J agan are strcmg]y mﬂuenced by U S agn ultural expc‘:rt decxsmns

It 13 theref‘are 1mportant ta understand samethmg abaut the ene_rgy situation m the rest gf
the warld and ‘how warld wu;le energy cnnsumptmn is hkely tD change ' :

P

-of -this: excess energy is used 'to grow faad and manuf'ac:ture prﬂducts which are then exported to

A other cmuntnes but ‘a great deal of it is energy that we could conserve and in fact badly need to be
\:onsemng Flgure 6 shows the relatmnshlp betwaen energy L,Dnsurnptmn and grass national pmduct .

(a measure gf standafd of lmng)

The less develaped cauntnes of the world use vgry l]ttle energy’ per-caplta These c:c:untnes
where mast nf the cmzens live in p@Verty have 50 percent of the: world's population; they cansume'- .
) an]y 2 percent of the world's energy. It is estimated that by the year ZDDD they will consume no . -
more ‘than 4 percent, with 55 percent of the world s population. The develapmg cauntnes of the™ .:

“world are expected to show the sharpest rise in per capita energy cansumptmn Smaller rises in per
capita ccnsumpt;on in' the US. and other industrialized countries will hapefully brmg these

“countries’ share of the world's energy consurnptmn more mtc» balance

A A cguntﬂz s staﬂdard of hvmg is closelyrelated-to 1ts use- of_ energy Those COUALTIES with a .
h;gher per capita (per person) income . generally” have higher per capita energy . consumption. As

* might be’ ‘expected, the United States leads- the. world - in energy - ccmsurnptlon Furthermore, the .

. United States uses more energy ‘per’ ‘capita than other. countnes with similar standards of” living.. Part B

e
F



y Consumption in Barrels of Crude \,ia{eﬁ,‘tszl{g';;ﬁap'rtai g
al Yearbook, 1975 - o Lo LT

"< . ENERGY: IS THERE ANOTHER WAY?

“The follaWi-fngséciiien describes some gitema’ﬁve sources.of energy. Some are in limited use :
today, while others can make no contributior to energy supplies for many years. Some may never ¢
prove to be feasible. ' : ‘ ’ : : :

" OILSHALEANDTARSANDS T o0 S

*

" melted, kerogen gives off vapors that can be converted to shale oil: This shale oil can then be refined A
into - oil, ‘gasoline, . and “ather ‘petroleum products. -Oil 'share deposits are located primarily in
Colorado, Utah, and Wyoming. These deposits are estimated to contain the equivalent of say,éi:al'

. timies the estimated recoverabie oil in the United States. o : ,

Ol shalé s ‘a finély textured, rock 'that contains a tarlike material called kerogen. wn::/

There are .two general ways of recovering shale oil.’ The one that has already been
___denionstrated is above-ground retorting, where the shale is collected and heated, distilling the vapors
"to produce the shaie oil. The other process which is being studied {5 insitu-retorting: This-involves—r-~-
~ breaking up the shale underground by hydraulic pressure or an explosion. Some of the shale oil
“would be burned in place to provide the heat to liquify more of the shale oil so it could-be pumped
from the ground..Insitu retorting has many unresolved problems; control of the explosion and ‘
- _.underground fire are among the largest. Bt it is being studied because above-ground retorting has

B - [ * ' e




efficient and-relat non-polluting-use of-coal’
;4 fuel‘and preheated air-are firéd in'a-burndr at very,
as is . ''seeded !
"his-gas passes HL lich 1
s an electric current: The hot gasés can' then bé used
amn turbine (o produce m ’ b y: - LA S frvi

erm: possiblity:f6r-the-mor
1ics (MHD). In this process
‘The restilting: combustic

%

program s being’ éarried .out jointly. by U.S. and -Soviet scientists and

*An-MHD. research

1" with, potassium or_cesium salts,.. . -
ses, through’ the"MHDgeneratér, which is .. .-

_“engineers in Moscow. Natural gas is being used as the fuel in.this.experimental work, but because-of - = -

“supply” considerations,  coal is envisioned- as”the fu
T *iﬂthE’U’S;’ Fore " e g e T R e

" In addition to the joint U.S.-Russian venture, DOE also has its own MHD research progran..

¢l to be used in any commercial application. -

~ Commercial operation of MHD plants will probably not occur until early inthe 21st century. " -

_An important hurdle in the MHD program is the deVelQiament of a suitable coal combuster

. for. MHD requirements, which are different from those for conventional coal combusters. Another

- . impdrtant’ task is to find suitable materials for th’ MHD generator. This is difficult because of .the
" very high.tempesatpre that sth:is-ma_te:i:al--:must withstarrd, Y I o

n ‘The MHD process Hag a potential éfficiegéy of 50 percent or more, considerably hig]jé?’thah_ o

the 30 to 35 percent efficiency of current steam generating systems.’

Pollution should also be less of a*'p.rr:b.lém with-MHD- generators. The seed material used to

increase electrical conductivity reacts with the sulfur in the combustion gases to form a solid
substance that can be recovered. Thus MHD generators should be virtually non-polluting as far as

~=to keepthe-formation-of nitrogen-oxides and particulates o acceptably low levels.

sulfur is concerned. It is also hoped that the combustion process can be controlled in such a way as .

GEOTHERMAL POWER

Beneath the earth's survace are vast amounts of heat, caused by the decay of natural

e



“his-will-bring:the-cap

\hcisco. Addrtmnal large

T oid typé. of. geothermal “reservoir i the wet stearn or hot wat

“rock. to. well' above its normal boi !

- because of high- und

.- ~mixture.of steam: and_water;is-

hot springs, and naturally-occu ] ,

no geysers at The Geyser; plint=tlie enérgy is produced from fumaroles:) Among the most-famou
examples of wet steam fields are theyhot springs. and geysers at. Yellowstone National Park.
“Production’ of electricity from "Wet steam fields is mote complicated -than for dry steam fields.

© because the steam.must.be separated from the water before it can drive a turbine. In addition, the = -
water is usually ‘a highly corrosive brine (very salty. water) which must be safely discharged or
reinjected into. the earth, There are only a few fields currefitly producing electricty from wet

~ steam,.none-in the Unifed States. There are sérlje wells that produce hot water with no steam. Only

" limited use hds beén made of these resources. : o : : A
o - s : R

The third, and probably the most abundant, geothermal resource is hot dry rock that has not -
come into contact with underground water systems. Energy might be recovered from these areas by

‘pumping water into' a.drilled shaft connected to the hot rock and bringing it back to the surface as
"'hot water or steam. The first-water pumped into the shaft would break up the rock, creating a
" network of cracks and fissures to act as a reservoir. Extensive research remains before energy can be’

extracted from hot dry rock. - - ' ' T '

The final type of geothermal resource, geopressurized zones, is probably the least understood.
““"Such zones have been found qufing; oil“exploration~along-the Texas-and-Lousiana-coasts—They-——
contain highly porous sands saturated with high-temperature, high-pressure brine or hot water. The™
energy potential of these areas is not limited to recovering their heat. The high pressures of these
waters might make possible the use of hydraulic turbines, and dissolved methane in the water is
anat_h__e:poténtial energy source. The size and productivity of these reservoirs need to be determined
along with other information on their posSible use. ~ : - - Coe
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;! S g energy I;_ direcﬂy: for s_alar heating and
" caclmg, and carrvertmg 11' mtc el” tnclty R R R

s

PR

- facmg the. sun.. The' "flat plate" solar. collector is the n
covered- with one-or more layers of glass or plastic. Radian

-

. Sc:lar energyL far space heating (heatmg nf bulldmgs) and,f ater heatmg is feaSible in- ‘some o\
Earts of the country. Salar space heatmg systerns can be classified as either active or passive. In'an - "

activé systemi, salar energy is received by solar cal]ectgrs ugually- on the sloping roof of the building. ;
ost c:crmrnon It is a large alretlght box

adiant-energy passes through these layers and i is
-absorbed by a metal absorber plate.-Heat energy is then transferred from this plate to water (or air)’

bemg circulated thmugh the cc:llectcr and is thus carried off for immediate use .in the heating -
system -or:for storage. Water can be heated to -between 150 and 180 degrees. Fahrenheit in such a- -

*In a solar Heatmg systern _ heat storage. systern is necessary to pmv;de for nights and claudy

days Water in an. msulated tank is most ‘often used for storing the heat, although crushed rocks or _
pebbles are -sometimes used. When heat is needed, it is dehvered to the housge thmugh a

canventmnal hnt air or hot water clrc:ulatmg systern

o _ system. Several refinements unprove the sfﬁczency of the collector system. More than one layer of S
glas$ or plastic -over - the colléctor pemnts sunlight to eneter but helps to keep the heat from s

- ‘escaping, The metal absorber plate is painted black or spemally coated so.that it absorbs the

’ maxnnurn energy A Iayer o msulatmn between the absorber and the roof helps prevent heat loss. ,

heatmg systems release heat fmrn matsﬂals that are mtegra] parts Df the buﬂdmg itse]f Such passw&
use of the sun's energy is of course not a new idea. Research has shown that the structure of Indian
puebloes in the southwestern portions of the United States was carefully designed to use solar” =
energy and-other chmatlc €lements of the region.” A 'study ‘of the Ocoma 'tribe's ‘pueblo, located -



At filr,s; glance th‘e w1despread use Df sglar energy fgr heatmg and’ cnghng lmks extremely
"fuel" is free; ncm-pollutmg, a,nd avaﬂable to all. But af course th1s msy“\rlew must be

—_—

temperedmthreahsm DR e e T S e - T

Flrst of a]l the cost: uf a'solar heatmg and: cooling: system is mltlally much hlgher than that of
a canventlonal systeri. This cost’ d;fferentlal ‘will undaubtedly ‘decrease, -as mass pfoduction
techmques are already brmgmg dﬁwn the price of solar campunents In most areas of the country,
_solar’ collectors.. carmot vet ecangmleally provide all the heat required for a bmldmg, so a solar -
system. must be' backed up by aconventional heating system Furthermore, current storage systems
cannot store enough heat for more than a day‘ or two, o a back-up system must be called upon for
lgng permds of cloudy days This causes a serious pmblem for utilities if this backup heat is electric,
as it ‘'often-is, Utilities must provide enough generating capicity for everyone at these times of peak

_ use but the axpenswe generatmg equlpment would be 1dle or mafﬁclently used at cher times.

s *

o . In add:tmn to xts use’ in heatmg and cnalmg, solar energy can also be canverted mtD
i gl&:tnmty ~There-are-two- basic-ways-incwhich-this-can-be. done-by usmg the-sun’s. heat to.generate. -,
electricity and by using solar-cells tcr generate electricity deectly from sunl;ght

The process fm generatmg Electﬁmty fmm the sun's heat is called sglar thermal conversion.
Solar heat is used to make steam or to heat air, which is then used to turn.a turbine to generate

ElEGti“ll‘;‘lty S - ; _ . e e

Q

ERIC

wll Toxt Provided by ERIC




effect 1s used tc: generate electnclty thmugh the use uf salar ce]ls Snlar cells are :]ean saf'e;;;and

, ayﬂa

ain sen51t1 : ,als_:an,d ‘cre

zg"ht h

a 'j‘iSdlar pht!tuv@ltalc ce.lls ‘are< then made frnm sﬂlcun SlllCQD 1tself 18" abundant and
inexpensive, but-its crafting into solar cells is so- exhctmg that'it’ requires much careful handwork by .

“highly skilled technicians, rnakmg Sﬂlar cells Expenswe The manufacturmg Df snlar cells also. uses
' large amnunts ufenergy = C ST I T

‘lz

A typxcal solar cell is 2 centlmeters by 2 centnneters in areai Its pawer autput is VEW srnaﬂ

'so that many. cells must be connected electncally to get a sigmf‘icant amount of electnclty For
T example ‘40 cells prawde enough ElEEtﬂEltY to charge a lz-mlt autorhobile battery. Many 51zes and
. shar.ies of sr:lar cell modules are -available frcrn overa dozen different- corhpanies now manuf‘aetunng

" solar. electnc products They are f“mdmg a wide, variety -of applmatmns where. power’ requnements

.are reasonably ‘smalf.. For.. example, ‘they-power Coast Guard buays in: Lung Island -Sound,’ ‘and- -
* backpack-mounted twa—wsy radias used by the Fort-st Ser\rice Solar cells are the major source of

pawer in space vehicles. -

i

In the- future salar r;ells may generate electncﬁy in central pawer plants or fcn‘ md1v1dual
bulldmgs They may alst:! be used in :amunctmn Wrth solar heatmg and cuulmg systerﬂs S :

S A*prﬂpasal put ﬁ:rward by Peter ‘Glaser of” Arthur D: thtle ‘Ine:; calls fora~Satellite Solar

Power Station: é satellite wc:uld be built with two wing-like panals of solar cells, each about 3 miles

“.on a side. The satellite wnuld be in .a synchronous orbit-that'is, it would be.fixed above the same
- spot on the earth, about.22,000 miles above the surface. Since it would always be-in the sunlight, it
' would receive much more solar energy than any earth-based panels. The electricity produced by
" the solar cells’would be converted to microwave radiafion and beamed to earth where it would be ™~
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3 m-the,Northeast‘and Ncrthwest 1t_ about
'ﬂl CDli\lersmn -plsnts whlch"d RPN

s s ', 'IDDO megawatt sc:lar Electnc pl "—;
wauld;requlre an area cﬁ tc: 20 square mlles : N

»-i-eqmrernents for salar therrnal pewer plants are- pnmanly for the hehostats, whu:.h are‘rﬁade frornf’: L

#steel,,alummum cepger' and- plastlcs Studles have- shown _that such:a_ plant m§th SDuthWest i

ars of. operatlon—that is it will

“to generate as ‘muc

s was required ta-build the plant. (Similar studies for fassﬂ and; [‘nucléar

power plants showed energy paybacks of 2 to 3 years.) Five years appears to be an acceptable- :
- payback pen@d but if the §ame plant were buﬂt in another area Df the cnuntry the payback penad

. mlgh‘t be ex sswely long

o
R

_4;

Very large arnounts of energy are r‘equu‘ed té process the silicon crystals for use in -

phdtovaltam cells. Thus the paybac:k: pencd fer such a: system iwould alsc: be lcmg

él

"

Solar energy needs to be looked atasa total System Fram mining of matenals tt: final Energy
prﬂductlon m order tD ‘be W]SEly evaluated

e

r

't}ns w1ll happen is. npen to dlff'erent Dplmons Many e:::perts belleve that a ID to ZD pefrc‘ént;'

contnbutmn;tc total energy needs by the year 2000 "would be a tremendous ac:comphshmé,péf ,
‘ : : ) Lt * ‘ B ‘ - V B .. L ! E -
WIND POWER '

~ The wmdrmll is ona cf’ the earhast maqhmes w1th its Drlgms thaught to be in Persia arof nd !

ln the

64




O

ERIC

Aruitoxt provided by Eic:

£

Wind power is really a form of solar power, since wind is caused by alternate heating and
cooling as solar radiation reaches the earth.

A windmill is basically a shaft contain’mg a n’umb” of blades dESigﬁEd to tum in the wind
eleu:nc:lty The power autput QI a wmd mdthﬂt: depends on wind spead and on the length of thﬂ
machine blades. Thus a wind machine needs ta have blades that are as long as practical, and also
needs to -be as tall as practical since wind speed and constancy generally increase with height

up to lDD k,llow.;i,tts wnh an lS amph wmd lt ha; two (‘33 5 fuul L,mg bladﬁb‘ fut dmm;[c.r of 125
teet, and it is o a 125 fuot tuwer.

The major disadvantage of wind power tn the aliaciic e ot a auitable civlgy alurape oy st Ia
the variable nature of the "fuel source’” When wind speed falis below 6 miph. effi. ient geueration Is
impossible Also. winds that are 100 stiong can damage the apparatus particaluly the blades This
has been a problem with some ot the recent exporimentar wind generators

Suiie advocates ol wind pow 2 L Loggeatod Liabding o gete oth o1 I o daag
wie il (about vne Cvery squate intl) actosy the Gioat Plan, ) genegiat |09 QUG wegawad. s of
clectaeity Large "wind fams' covered with a gill of wentiea, wind genaradng urals could then
be built with more cconomical mass pri.duction techoques (4 laige arcas of 1and reguned fur
such a netwoik should still be wsable for farming o1 grazing 1 the wind gencraled clectitcity coald
be fvd tito a Lage nudt teglonal cleolileal syston the vanation. caused by <haages In the wind
could be somewhat cvened vut and existing stcam gencrating plauts could also help, handle the
clectrical demand

Aol PR | sve b P PR e . B . . i ' P i
e bere o winds Bach s stan a0 nf b the L0 fon oa ddoa ol caaon ot b g, by it s
orceathode groands newever atone hose 1o v ourd ool ibhe Iosed dbe b sy £ s abilualed Ly

the many la.ge tower . that woi Id be e Imnda)
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suitable sites and the large investments required to build the plants, it does not appear that tidal
power will make a significant contribution to the total energy supply.

be done by using strings of speciallyshaped vanes which would be tumed by the waves to generate
electricity. It is not yet known whether the project will be successful,

The third method for getting energy from the ocean is called ocean thermal energy
conversion (OTEC). Enormous quantities of solar energy are collected and stored in the oceans. An
OTEC power plant would utilize the energy that can be made to flow between the sun-warmed
surface of tropical and subtropical oceans and the colder deep water. A fluid such as ammonia or
propane that vaporizes at relatively low temperature can be vaporized by the warni surface water
The pressurized vapor would then turn a turbine, and the cycle would be completed by using the
cooler deep water to condense the gas back to a liquid.

/
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sunflowers, water hyacinths, and giant sea kelp. Suc

converted to liquid or.gaseous fuels.

s would either be burned directly or

fiﬁnargy farms would have to compete with agriculture for land area and water resources. As
the world's need for food increases, this could be a serious consideration.

Am:ther bmmass passibility is reemering ﬁnsrgy from f(,)rﬁalry, dg]lgul[urdi and dnlnml

thz sugar has been ext,raued—ls otten bul‘ﬂéd to prmxde cnergy fur the sugar mlll, Sumlarly! the
forest products industry often uses theis residue to fuel lumber plants.

Aubinal wastes can Lo cotverted G aaetls, wany
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animals.
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Fuel cells were used for spacecraft power on the Apollo space flights and in the early 1970's
provided electric power to a number of buildings on an experimental basis. A demonstration unit.is
expected to begin operation in New York City in 1979 in order to determine the effectiveness

a
The widespread use of fuel cells is dependent on a number of developments to reduce cost ol
the equipment and to allow the use of a wider variety of fuels, Fuel cells now in use depend on
naphtha or natural gas, so their use is limited from a fuel supply standpoint. The currently-available
fuel cells also require an expensive catalyst, such as platinum, for their operation. Thus electricity
generated from fuel cells is currently too expensive for general use

Roescaich 1a underway v a new Lype of tuel vell which vpciateas wt antch L. b et
than current fuel cells Because of the higher operating temperature no expensive ‘catalyst is
required This newer fuel cell should also prove adaptable to other fuels paiticularly tv low B1U
fuel gas made trom cual . ~
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Since the plasma consists of particles with electrical charges, it can be contained within a
magnetic field. In 1967 the Russians announced the development of the tokamak, a donut-shaped
machine in which the plasma was heated by running an electric current through it, and was

-contained in a magnetic field. But high endbugh temperatures could not be achieved. In 1978

Princeton University and the Department of Encrgy announced that the New Jersey laboratory had

_achieved a record 60 million degree centigrade plasma temperature, well above the temperature

estimated to be needed. However, many complicated problems remain to be solved.

In nertial confinement, somctimes called laser fuslon, a.golid pln head alecd pellet ol
deuterium and tritium would be heated very rapidly so that fusion would occur in loss than a
millionth of a second, before the pellet had o chance to capand and thus luse 1o denaity This
heating would probably be doue with a powertul lasei Lewn or lDu beamas, Hhts 1o5a ot fusiun is
less advanced than magnetic confinement
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the newer cars are more efficient. Savings of oil as well as several thousand fewer auto deaths each
year have resulted from the .55 miles per hour speed limit. The use of mass transit systems has been
growing gradually in recent years. Gasoline shortages and high gasoline prices will undoubtedly help

‘continue this trend.

The industrial sector is actually using less energy now than it was in 1973 This reduction has
come about primarily through improved efficiency. Lower output during part of the period and a
shift?faway from some energy-intensive products also played a part, but energy savings have been
realized by more careful energy management and by improving industrial processes.

One method ot tudustital conscivallon has been vogenciatlon whivh Is the use of cucig,
(usually stearn) from a single facility for two or more processes. Plants can Le constructed which
will produce steam for electricity and make the spent steam available for manulacturing processes.
Increased fuel costs have and will continue to make this practice more attractive to industry, since it
increases efficiency and thus lowers costs, Cogencration may reduce operating costs of the facilities
involved from 22 to 31 percent conpared to the cost of fuer which would be requiied for separate

operatlon
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HOME ENERGY AUDIT

3

This home energy audit will enable you to make a survey of your home and identify those
conditions which are wasteful of energy, and thus wasteful of money. After identifying these
energy-wasting conditions, you will be able to decide which ones you may wish to correct first,
which ones have a lower priority, and which ones you can practically do nothing about

l'v use the audit, answer cach applicable question
lo assign a conservation value of 5 to +5 to each item

aceording to the following scale |
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B. Inside your Home -

6.  What daytime temperature do you maintain in your home during the »gintgr'?

a. 55-58
b. 59-62
c. 63-65
d. 66 68
€ 69-72
[ 7375
8 76 77
h Uver 7/
/ What night fine comperation da o bmanc i e L b 1
a 55-58 w
b 5962
. 6365
d 06-68
= 69 72
{ 7375
g 76 77
h Chvu
W\ . Wda ) [V
a Meves
b More tha o 1 e ™
. Within the Liae 1D moatl.
Jd L Jon't know
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a Lond
b 6768
w o9 10
d 7172
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Il.  How many of your windows have storm windows or more than one layer of glass
(e.gz. ""Thermopane'")? :

a. None
b. Less than half
c. Half
d More than half
€ All

12 How many of your exterior doos aic equipped wills storin doovis?
a Nonc '

" b L ess than half

< Half
d More than hals
¢ All

13 How inany of oo vl oL aod a0 VR T o e o

to provent ar loakap.?

a Nune

L Less thun Liant

. Halt

J Mot thoa Lo,
All

ki tall, 1, ..

a Non

b [ esn then hai
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d Mon hias 1o,

¢ All
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20.

21

2e

Is your attic equipped with windows or vents that provide air circulation?

a. Yes ’
. b. No b
[s your attic equipped with an exhaust fan?
a. Yes
b. No
How much insulation 1s 1n the floor of your attic]
a, None :
b 1-2 inches

3-4 inches

[
d 5-6 inches
e 7-8 inches
f 9 10 inches
B 11-12 inches
h Over 12 inch..
Wiat doeas the sutface vl vs e . 10 0
a None piesent
L Unknown Lo
N I vose paru..les
d Blankets or batts
1) u have a Lascment?:
a My
b Farugl ®
- Full
Av rat how oLl .0 L Lase ..
o None AA
L eas o hﬂlf \
. Abuat had
f Aboul threg-Guan..
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¢ , Explanation of the Audit Questions
ot .

TR

1. Exterior Construction

This is an example of a difference which will affect your total energy use, but about which
you can economically do little or nothing in an existing home. Stone, cinder block; and brick,
contrary to common belief, are not good insulators. The usefulness of any material as an
insulator is described by its R-value, which is a numerical index of its resistance to heat
passing through it. The greater the Rvalue of a material, the greater its thernmnal insulafing
capability. The R-value, of some common building materials are.

4-inch stone. U B8U
W 8 inch concrete bluck.
4-inch brick: 80
Wood. 94
Aluininea Alost o A nann v TR

votinloetut of neal
Uitaglass batting., 3 71 o onon Lo a0 hiboipla,
(which cormics in four or si. nch thic 1.e4s) nas the saiue
insulating capacily as 455 Inches of atune v LIk Bo )
’ 4 inches of fibeiglass in your walls will proride the
same insulating capacity as 18 inches of stone r biw k
Ihese facts should be kept momtnd dartag new hoae

consbiactlon
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' 8. Heating System Maintenance . . w5

-

Heating systems should be cleaned and serviced annually to avoid costly bicakdowns and
maintain efficiency.

9 & 10 Inside Temperature i Sununes
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17.

I
oo

Shade .

Shading, obviously, will keep your home cooler 1 the sununer  Liees will also serve as wind

breaks in winter. ¥
Attic or Crawl Space "

An unhecated allle acis ao lsulattug ali apuce Lotaweon yon ool aodd th Lotalde  Hheré

Pgrmanent Attic Flooting
vidbiwatod att. wakes I a0 o P B I R VT 1o ¥

Poinianeut oraibig b oai s
determine if insulavion exi.ts under the tloor In sueh a ca : b attic ccilig n.ay be

insulated n.stead : ' %‘a
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- s :"—'Internatmnal Solar Energy Society | . .o
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o ;__The Natu:mal Energy Act, Departrﬂent af Energy, Qfﬁce nf Pubhc Affa:n:s Washmgtan DC 20585
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- from waﬂd tD mal to. Dll and gas

: Eebltpg;';

, Em’:‘:rmmi:s '

General Energy Topics

to- s} _fhe develupment gf different fDI‘TﬂS af energy under,th
ﬂdxtfbns;n the_, Ameru:an expenence~—We see the sucty-year :

Wor ld BE’hmd your nght Switch - . T :
~Us: DEpartment of ¢ Ensfgﬂ BGHTIEVIHE Pcwer Admmlstratmn . 0. Box 3621 Purtland DR

97208 \

Thls ﬁ]m telle a,,gensralgvay the stc:ry c:f haw electrlmtyqs pr@duced
chstnbuted B - _ L V

e —~

L SR

\No Tt ummg Back S ‘ V '
. Department of Energy Fllm L;brafy, Techmcal Infarmatmn Center P C) ‘Box 62%?31{ Rldge; TN

37830

ThIS film: V151t3 some of the. techmclans mvc:lved in- gnvemment studles at laboratanes and sites

- across the country, such as arid land ecnlcgy, a trﬂp;ca] forest study, river ecasystems ;m;lustnal

meact on natural waterways, and pgllutmn pattems in layers of atmasphera o ~

F

Dcm 't Qut Us C?ff ' ' _
- Department of Energy Fllm Library, Techmcaj Infc:rmstmn Center P. D Box 62, Dak Rldge TN .

»37830. ,
L2

This ﬁlm dacuments the actmtles Gf faur curnmumtles ‘to solve a c:cxrnmcm natmnal pmhleme—the

hlgh cast of'e energy as it affects the pcn:r andeldeyly across the country. . B N

- = T :
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s oil Gas and Hydmelectﬂclty -

','.‘-}Faeuum Engrgy Rk S
o Amencan Gas Assaclatmn 1515 Wllsc:n Blvd Aﬂmgfgn VA 222@9

. sc:lutlans to the current supply pmblem L FR P S O ST S

;-fos}zare The Sgan::h for Oil and Gas- "~ - : :
 Modem Talking. Figture Service, I, 2323 New HYde Park Rd, New Hyde Park’NY - 11040° i

g Bef‘are the end af thls century, more tha:n half‘ af the world 5 petmleufn supply w11! hve tn come

Thls fi]rn ,reuews our depsndence cm‘energy with an‘emphas;ls “on~ natural ga?It desc:rlbes pDSSlblE‘%

K

from the oceans. This ﬁlrn tells of the mtenswe searc:h and the pamstakmg effc&rt to preserve the

ocean envgmnrnent o : U

- “:*4’

, _?Reserved for Tamam:w L oo
" ‘Department:of Enﬁrgy Fllrn lerary, Techmcsl Infnrmatlcm Center P D Bax 52 Dak Rldge TN’

37830 .

Thls fjfm | Jows the sites in Louisiana and Texas where the Umted States w1]1 stme one bllllgn
: barrels Of crude oil in undergmund salt domes by 1985 .

. H_,V,.. _,& =L ’ : J—— - 4.7-

= : . . . ) _ Ai_

Water ; '
Made*m Talkmg Plcturs Semee Im: 2323 New Hyde Parlg Rd., New Hyde Park, NY 11040

" This film explares both the aesthetlc and practical ule of water. It covers the hydmslec.tnc. cycle, -

L1771 453 o chemxstry’- pallutmn;ximﬁtmn”chservatmnﬂand ~industrial- and dnmestm -use-of-water:—~—
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o C(mservatmn

- energy efficient. s

Eﬂérgy Update L B e
Depaj’tment of Energy Fﬂm lefaﬁj, Techmcal Infcrmatmn C‘enter P (1. .

37830 .

. With the Pl’ESldeﬂt S, energy message of April 19, 977 as a backdr@p, the film deécnbe.v. an mber
of situations in which :people try to cope with energy pmblems and seek solutions now:. The ﬁlm

. toucheés’on cﬂal mlinuclears and ﬂther energy sources. - - .

R . i Lo K s '. ‘
Cbnservatianifrz uestmg in Tamarraw -
" Department of Eﬁergy Film Library, Techmcal Infem:atmn Center P 0. ng 62 Qak Rldge TN

37830 R s y

ThlS film shows some of the ways we can save energy now: more efﬁclent machmes and mdustnal
__processes, improving_the transmission of electric. power, new _autos, makmg homes and bulldmgs

5

i




.-'Hgfe Comes tlze Szm o L e ' L
- . Department: of Energy Fllm lerary, Technmal Infc:rmatmﬁ Center P.'Dg %f;’:;"ég, Oak Rjdge,;TN
. 37830 _ t S O

"In this film" scxlar systems are shcswn on ths roofs and on the graund warkmg in ftmr states.

* Power frf::m the Eczﬂ‘h . ' ‘ ) 7 e
“Department of I:nergy Fllm Lnbrary, Techmcaj Infnnnatlcm Center P, CL_:B,D'X 62, 0ak Ri{lge, TN

.TLPHGES .;,,;L-i___:,,,; S P - - P A e ,_:T» e l,., e

Geethéﬂnal—]\famre s Boiler - o : ; o
Department of Energy Fllm lerary, Techmc:al Informatlon C‘enter D Ec!x 62 Dak Ridge TN= N

37830 o - ( | — LT

n . { o ;,.; R . P f-

Natural heat energy stored in and undEr the earth's crust can be put to wcrk Just as the Geysexs now '-
'supply . half the electricity for San F'rarlc'lsco 4 needs -These resnurces may heat, cool, and hghf'_. ‘

- -hnmes and factones across. the country

Cc:ﬂe«:tors warm the alr and water for swammmg pcols, dishwashers and stt}rage tanks. -

,f"':

‘37830 .- S S )

"

srEeWe neeﬂ THewW sourees of e]estﬁcal POWET. Irl ‘this film; scxentlsts engmeers and managers expla,m the

various prc;blerns of thammg thermal energy f’rom the esrth







—nergy sﬂ:uatlcns;

7 ury Esééntnél hat:kgmund fo understarldmg Df the trencis that have led‘ L
tus of eherg N , _ : o

stcusses the pctentlal contnbutlcns cf enhanced reccvew tcs mcreasmg c::ur energy supply and
explams sume Df the methcvds mcludmg the -use:: csf water steam, chermc:als and corﬂbustlgn-lu

i L=

} 'bDUt the—irseof oil t6b vide" power andthe de‘velopments in techm: gy that

7be needed e Luse” it, Jmore. effectwely for the benefit. af mankmd e N I e
- Nuc]ear Pawer v e . . A . .
TheFlrstResctnr’ S s .
| E)ramatlc stmjf Qf the ﬁrst cantmued nuclear Gham reactmn '

Ifniéf Space Th&tmcture of the Atﬂl‘ﬂ

@Hlstcxry and present day knawledge gf the pﬁnczples and concepts c)f atamlc structure

Nuclear Energy *
. Tells hc:w nuclear energy generates electrmty
Nuclear aner Plsnt szety 7' S ; - o

Descnbes the three levels of safety mcc:rparated into the design of reactors.




Offer’ practmal and suﬂple ways to save energy in the kltchen workshap, garden and car. Includes
TEy-saving considerations when buymg apphanceg and ather hausehald merchand:se (A Spanish
lariguage edltmn is also available: ) : T Yo

Tips for the Mntaﬂst Dnn‘t Be Fuellsh

Llsts 30 ways tp make gamlme gcr furl;her rangmg fmm tlps on Jmprovmg drlvmg skills tc: car
mamtenance checkpmnts

e . 'y = ! . JEor : S
.

\
Mtemst;ve Energy Scmrces B oa

b ) - s ) * i . [}

Fuel Cells: A New Kind of Puwer Plant T . | N - - ‘

- . o S I ,
S A . . . e



'Dmpcsecl gf sﬂlcan " and sm:ﬂar matenals are used ta ge
!IEBﬂy fr@m the sun s rays... S _ ,

\Desmbes haw aglar heatmg and . 7 : ells : . .
~an alternatwe energy source. ' T T Sh I f i
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Aruitoxt provided by Eic:



:OTHER FREE:MATERIALS FOR TEAGHERS
f B I A ;

'P;G) Bax 62 Gek Rldge TN 37830 ‘

Award Wm,mng Energy Edueatmn ACthltlE& for Elementary end H;gh Selmpl Teaehere Centams‘

* . "brief descriptions of . prlzew'mnmg entries in.the’ National Science. Teachers Association Teacher. .
V'V’Pertlelpatmn Contest conducted in 1976. The contest, sought ideas that would fit easily- into
_standard.(science and nonsmenee) courses of study . at various grade leVels to sfurther student

understandlng Df 1rnpertant er’lergy issues..; . T L. . T

=

jEﬂergy Cunseﬂatmn m the Heme An Energy Edueahen/Cénservahnn C‘umeulum Gmﬂe fur
Home Ex:enumles Teachers. This résc:urc:e book will hel.p heme economics studente conserve energy

w m thexr homes end hves J

{ Enefgy Elstnfy of the lei‘ed Stetes Charts the gewth Qf Amerelan enefgy use em;l treces the
histery of the major eaurc:ee of energy (coal, wec:d ancl Dﬂ) in the Umted Stetes .

,'Hﬂw a Blll Becﬂmes Law tr;: Conserve Energy Study umts mclude "Case Study of" 3 Bill, o whu:h :

' describes how the 55 Ti‘lph national speed limit beeeme a law_arid takes' the 'student through the ]
lawmaking process; and "'A angressmnal Heenng, in.which students play typical roles. at a hearing: . "~
on a® netlrmal speed lm“ut bdl m & smiuletmn garne (See alsc: UsS. Energy Pehcy—w}ueh bueetluﬂ")

Mathemetics in Energy. This peeket is desighel tc infuee er;ergy eeneepts into junier high math
_elasees “The . unit deals. with a wide.. renge of « -energy math mcludmg eDnversmne etetietles and the -
- 'msmpuletmn Gf energy units, . _ : s
& et ‘*’ . - N
- Qrgemzmg Sehnul Energy Contests; Outlines. preeeglures for tcnduetmg school and’ community .
T energy- pm]eets ffprn the~ 'plannmg stete to- lsegmg publlclty -and- presentmg ewards faf ‘winning —=-—
entnes S - ?’ . S » . N . BN
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TUA nuclear reactar -m which water “Used as’ ‘both cc:alant ancl._:'"v_'f:i‘
‘moderator, is allowed to boil in the core. The resultmg steam o

Breedé?ﬁeactm
BTU

Cﬁlﬁ;r‘ig

L

'extend our nuélear fuel supﬁhes mdef"mﬁely ‘

. zcan be use,d du‘ectly tD dnve a tu:bme ;7_: B

)

*The amount of heat required to raise. the temperature of drie

A SpEClal type nf’ nuclear reac:tc:r i whlch the core: is- sur- i

pourid of water one degree Falrrenhat (Bntlsh Thertma

Umt) “) )

--Four BTU s equals abcut l calm‘le

. ;The heat required to r "e the tamperature of 1 gram of water '
. .one degree Celsius. The? i
" the kilocalorie and is equal:t

(note upper case C) is called
01000 calories. -

One Calorie is abéru%étBTU. L ' b

Cartel A worldwide monoply. v y
. = . ) ,- = {
[
. e ek = e -,



. Flectromagnetic Energy . .- prod e
e - -a- source’ th ’velamty cf llght Praduced by electncally o

fields:

“Elegiron T

4

. f‘harged paftlcles moving-in ‘magnetic

An elementa:y
_charge and a 'mass of 1/1837 that of the proton. Electrons .

one pgmt to am:ther)

subatomic pértic:lé with a unit negative

surround the posmvely charged nucleus and determme the -

' GhEl‘l‘llCEl pmperties of the atom,

- -

A matenal gct itself ﬁssmnable by thermal neutrons, whlch

.can be %canverted into a fissionable material by uradiatmn,

'in & réactor. Theré are two basic fertile’ rﬁatenals uranium -

238 and throjum - 232, which can be converted mta phitoni-

um - 239 and uramum 233, respectxvely ' % .

The sphttmg of a, la:ge atomic nucleus into two or more
smaller nuclei. Large amr:unts of energy are released in this .

‘pI‘DCESS . 2 B e e ,»-—wx"_ g
. Bl = b B . A ! / . £

Energy, |
- e { . )
-Ferti!e Material -
Fission




-~ ‘excess heat;~

A nuclear reactﬂr whn:h uses a gas

Gasnlme w1th up ta ZD% ethyl or methy ‘al«:ahal as an: ex- .

e tEI‘ldEf e 38 e Am— D e ‘

STy

o A petmleum campgnent used exteﬁswely as. a mctc&r fuel

FADUEE .

-

Grsﬁtaﬂtmnal Energy

Green]m SE Effezt

I;Ieat: Ehérgy -

ﬁydrégleétﬁzity ;

L ®

¥

t. ﬂ’:

- lonization -

The use Df the earth s- mte.nor heat m volcamc regmns cr o

j near geologjc ‘faults to produce. stearr\“i fc::r Electrlc:lty

E

A form of potentlal energy due to pasxtmn

The retentlcm ctf the sun's heat by the water vapor ‘and .
-.-carbon dn::xlde of the earth's stmosphere :

The energy Gf the motmn of molecules‘ f:':" L

Elec.tnmty produt:ed by allDng stered wafer to fall, tummg
turbines: - High “head ‘hydro- consists -of -allowing - a- small

amount of water to fall a great dlStarlEE in low-head hydro

a lgrge vc:lume c::f water 15 made to fall fc::r a short distance.

The process of removing or adchng eleo:tmns to atorns or
‘ mulec:ules thereby pradugmg charged (mmzed) partn:les

i
4

"

~Any radlatncm c:apable of “displacing elec
o molecules. Examples: alpha, beta, gamma radiation,
ltravmlet light. May produce severe skin or tissue damage.

s from ~atoms™

S




Moderator

.

T used in’ tor to slnw daw :’hlgh speed neutruns this
ing easmg thgfhkéhhéﬁd of furthsr fissioh,

' Munoply

NElllTﬁﬂi e e

\

uclear Energy

Ocean Thermal Power , A]sa called chan Thermal Energy C‘ﬂnversmn (E)TEC). :
' S " A _device, deagned to use_temperatu ,:_differences at theﬂ S

. surface and depths of the ocean to pr, ( |
v ’ - a EfﬁElEﬂt in the trﬂplcs . , P o C -

ERIC ‘

Aruitoxt provided by Eic:



' \yher% it was “covergd ‘with silt, Var

g ',ampaunds Qf c:arbt:n and hydragen

ec - thie, reni’ainsﬁgf”;rninute;.maﬁne;ani;r’n_als d
plants which. died .and settled at the bottom ‘of ancient seas’
r ious- forces- cgnverted :

Photosynthe

*hls}rnatenal ta petmleum and natural gas.

: -"leav*y, radloactlve rﬂansmade ‘metallic elernent w1thf'
atomlc number 94. Plutonium - 239 is fissmnable and is

" suitable for use in regctors or weapons

i ST T e : ,
Pﬂféntia’l: Energy ’Stgred E'nergy dué tD pasition cjr c_éjﬂditiri!m
‘Power: _ - S A The amount of energy used or: pmduced in a given amount "
o — of time. The’ ‘watt is defined as .00948 BTU per second. -
. N B RN % .o
Pyrolysis'-.. e tars nd cther Lrnpun IES frorn bl,mass byi §
- : heatmg in the absencs of air. S 3554
Quad A m'e§sura of energy equal to 1 x 1015BTU. -
- ; . i"-—;_‘;"’,» - = ‘ . y

ERIC

Aruitoxt provided by Eic:



| The DppDSltE pim;ess to phatasynthesm whereby hvmg cells:
_.. release usable energy by the ccmtrolled ‘oxidation- of . carbo-

hydrates : o T R
) .ffPetrcleurn N p—
N = _ ' B e ,f
Rtjéntggn A unit Df expcsure to mrﬂzmg radlatmn , .
Sol.if Eﬁﬁ‘gf & ~The use of the sun's rays. .
Sﬂlventvfkigfmmg . \ A Pracess used to Terncve chemlcal unpunt;ea from ccal
Y Coal is chssDIved in ‘a light oil at high temperature and
- - pressure. Ash and msolub.’le matter settle out and. can be
R removed. Produces i brittle, shiny, tar—hke solid. whn:h can .

"+ Stack Gas Scrybber

. 'be rerne]ted and transpnrted by plpelme

A fnethcd ‘of clean g the gaseaus “emissions caused by
burning fossil fuels, Limestone is brought into.contact with *
thé,ﬂue gas in a i:leansing tank’. MD’st of th?ulf’ur'is rerncvedi
Waste) matenals left from materials frém a mine after the
clesn‘ed matenal has been remaved

. -
Y.

Tailings
o Tar Sands ™\~
: €
Tidal Power |

e

~"Sand 'p'a'ftii:lés }:&at‘ed Wi'tﬁ"é”fér’éauéa’ bitumen. The bitumen

can be extracted and refined into petroleum fuels.

The harnessing of tides toxp'roduéé eletrical energy.

N
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